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PLAXETARY    MOTIOIS^     SUITABLE     FOR    AN     mDEFmiTE 
LENGTH    OF    TIME, 

By  G.  W.  hill. 


The  desirableness  of  having  in  our  jjossession  a  feasible 
method  for  procuring  expressions  for  the  coordinates  of 
the  planets  not  limited  to  short  intervals  of  time  about  an 
adopted  epoch  cannot  be  disputed.  The  general  theory  of 
such  expressions  is  now  well  known,  and  the  difficulties 
attending  the  subject  are  reduced  to  those  of  elaboration. 
It  must  be  confessed  that  when  all  the  parameters  involved 
are  left  indeterminate  in  the  formulas  the  latter  have  a 
degree  of  complexity  that  is  truly  frightful. 

Gtldex  devoted  the  latter  years  of  his  life  to  the  in- 
vestigation of  this  matter.  But  he  left  everything  in  an 
incomplete  state,  and  it  is  obvious  that  he  undertook  too 
much  in  endeavoring  to  provide  for  the  eight  major  planets 
of  the  solar  system  at  once. 

Is  it  not  likely,  that,  leaving  sujiplementary  efforts  for 
the  future,  a  more  satisfactory  result  may  be  attained  by 
advancing  with  a  lighter  load  ?  In  accordance  with  such 
a  view  I  have  undertaken  to  mark  out  a  practicable  route 
in  treating  the  simplest  case  suggested  by  the  constitution 
of  the  solar  system.  Let  us  suppose  that  Jupiter  and 
Saturn  are  alone  considered,  and  that  they  are  made  to 
move  in  the  same  plane.  Also  let  the  masses  of  the  three 
bodies  concerned,  the  two  constants  called  protometers  by 
Gyldes,  and  the  two  constants  attached  severally  to  the 
integrals  of  living  force  and  the  conservation  of  areas,  be 
known  numerical  quantities.  It  is  proposed  to  treat  the 
problem  thus  limited.  The  deviations  in  passing  from  the 
ideal  to  the  actual  case  can  afterwards  be  estimated  by 
methods  similar  to  Lagkange's  variation  of  arbitrary  con- 
stants. It  is  evident  that  the  coefficients  of  the  various 
inequalities  brought  out  in  the  treatment  of  the  simplified 
problem  will  be  functions  of  two  indeterminate  constants, 
which  we  may  designate  by  e^  and  e^',  and  which  are  the 


T  =  {M+m  +  m')-'\  Mm 
Mm  Mm' 


cie 


2de 


^^Mm< 


moduli  of  the  deviations  of  the  orbits  from  circularity. 
These  functions  admit  of  development  in  powers  and 
prpducts  of  these  constants,  the  multipliers  always  turn- 
ing out  as  numbers.  It  is  the  latter  circumstance  which 
renders  the  treatment  at  all  practicable.  If  we  were  to 
insist  on  the  four  linear  elements,  as  well  as  the  masses 
being  kept  indeterminate  in  the  coefficients,  we  should  find 
the  latter  incapable  of  exjjression. 

The  fundamental  conceptions  of  Gylden  are  employed 
in  the  following  treatment,  and  I  desire  to  express  my 
high  sense  of  their  value,  nevertheless,  in  the  interests  of 
brevity,  many  modifications  have  been  made  in  the  ulterior 
procedures. 

The  motions  of  Jupiter  and  Saturn  relative  to  the  Sun 
are  treated  simultaneously,  that  is,  as  if  we  were  concerned 
with  the  motion  of  a  single  point  in  a  space  of  four 
dimensions. 

Let  the  following  scheme  show  the  notation  for  masses 
and  rectangular  coordinates  :  — 


Masses 

Coordinates 

Sun 

M 

Jiqnter 

m 

^           V 

Saturn 

m 

^'       V 

The  motion  of  the  planets  relative  to  the  Sun  is  bound 
up  in  the  expressions  of  two  functions ;  first,  T  the  living 
force  deduced  by  multiplying  half  the  product  of  every  two 
masses  by  the  square  of  the  velocity  of  one  relative  to  the 
other,  adding  the  three  terms  thus  obtained  and  dividing 
by  the  mass  of  the  system  ;  second,  fi  the  potential  function 
equivalent  to  the  sum  of  the  three  terms  given  by  dividing 
the  product  of  every  two  masses  by  their  distance.     Thus, 


di'-'+dr,'- 
2dt' 


-\-  mm ' 


{d$'-diy+{dr,'~dr,r 

2df 


^e  +  ri'       Vr^+,«       ^(^l-^f+(r,'-r,f 


*  These  equations  are  identical  with  those  adopted  by  Lagean0E   in   his   Essai,  except  that  here  the  third  coordinate  is  made  to 
vanish.     One  may  consult  Laplace,  Mecanique  Celeste,  Premiere  Partie,  Liv.  II,  Art.  9,  especially  Equation  (7) ;  Tom.  I,  p.  131,  Old  Ed. 
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By  putting 

_  (M+m')  m 
'^'  ~  31+ m  +  m' 

we  may  write 


_  (M+m)  til' 
'^  =  M+m  +  >a'    '    f^ 


M+m  +  m' 


(le  +  drf  d^'+dr,'-  did^'  +  dr,dy,' 


2dt- 


2dt- 


dt- 


But  it  is  convenient  to  have  a  form  of  this  function  con- 
sisting of  two  terms,  each  involving  two  coordinates.  We 
get  this  at  the  expense  of  complicating  the  form  of  O,.  Sub- 
mitting to  this,  however,  we  introduce  two  hypothetical 
planets  for  the  actual.  Let  the  coordinates  of  the  former 
be  X,  y  and  .-c',  y'  connected  with  the  coordinates  of  the 
actual  planets  (k  being  a  constant)  by  the  equations 

^  =  x+K-r'    ,    i;  =  //+Ky'    ,    ^'  =  .t'  +  kx    ,    t^'  =  y'  +  Ky 

Now  consider  the  quadratic  form 

^,e  +  y.„r' -  ^iH^i' 

By  the  substitution  this  becomes 

\_)j.^  +  fUK:-  —  2ii^K']x- 

+  {f,,+ ^K--2^,K-]if''+2l{,x,  +  ^.^  K-^,{\+  k')^xx' 

If  K  is  adopted  so  as  to  satisfy  the  equation 

<<        ^        Ms 

l"!    K"  fi^  + fX.„ 

(we  can  take  the  smaller  root  of  the  quadratic)  the  term 
in  xx'  will  disappear.  Instead  of  eliminating  k  eliminate 
fj^  from  the  expression,  and  put 

:(M2  — Ml'*) 


and  the  quadratic  form  becomes 

mx^  +  va.'x''^ 


l+K--' 


Mm 


This   linear   transformation    being   apf)lied   to  the  living 
force  T,  gives  rise  to  the  expression 

dx'  +  di/'         ,dx''+di/'^ 
-i  =  m  — r^^-7^ — I-  m'  — „  .  , 


2df- 


2dt- 


or,  using  ;•  for  the  radius  and  r  for  the  longitude,  in  terms 
of  polar  coordinates,  to 

dr-  +  r-do-  rlr'-^+r'-dv'- 

T  =  m :=r^ ^m' 


2dt" 


2dt' 


But  since  we  wish  Q  to  involve  only  three  variables,  we 
further  transform  by  making 

r  =  i(f+<t>)     ,     f'  =  |.(^-</,) 

which  leads  to 

dr-'+irXd>l,+d<l>y-  ,   ^^,dr>^-+ir''(d,l,-d,t>y 
2dt-  "^  2dt^ 


Denoting  the  variables  severally  conjugate  to  ;•,  ?•',  <j>,  xj/ 
by  the  symbols  s,  *•',  m,  w,  we  shall  have 


d)'       ,            .  dr'              ,        „d{l/  +  dd>      ,     ,  ,„  dd/ — d<l> 
s  =  m  ^-  ,  s'  =  m'  -  ,r  ,   "  =i-m?-  —^ — ;- f  m'c"        ,, — - 


dt 


■w  =  fmr 


dt 
.^  dxj;  +  d<l> 


dt 


dt 


+  \va.'r 


^,^dij/  —  dcf> 
'       di 


The  derivatives   being   eliminated  from    T  by  means  of 
these  equations. 

The  potential  function   in  terms  of  the  variables  last 
adopted  is 

mm' 


+  ■ 


^/r^+2Krr' cos  (t>  +  KV^      V»-'2+2Krr'cos  <^+kV       \/r''^—2rr' cos  <f>+r^ 
Putting  i^  for  n—  T,  the  differential  equations  of  the  problem  are 


ds 

dF 

ds' 

DF 

du 

dF 

dw 

dF 

dt  ~ 

dr 

'      dt   ~ 

(Jr'      ' 

dt    ~ 

d4>     ' 

dt 

dlj/ 

dr 

dt  ~ 

dF 
0.7 

dr' 

'    ~di  - 

dF 

ds'      ' 

d<t> 

dt   ~ 

dF 
du      ' 

d<p 
Hi  ~ 

dF 

dw 

dir 


But  i^'does  not   contain  ^,  hence  -—  =  0  and  w  —  ha, 
constant.     This  value  may  be  substituted  in  T,  and  thus 


Employing  this  in   F  the  equations  of   the  problem    are 

the  independent  system  of  six  : 

ds  _        dF  ds'  _        dF  du  _        dF 

dt  ^        dr       '       ~di  ~        dr'  '       dt    ~         d^ 

dr   _        dF  dr' dF  d<i> dF 

di  97     '       ~dt  ~        d?  '       dt   ~        'du 
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with  the  equation  u- 
by  a  quadrature) 
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h,  and  the  equation  (to  be  treated 


dt 


dF 


We  have  still  one  more  integral  of  the  problem,  viz., 
F  —  C  A  constant,  and  t  is  not  explicitly  involved  in  the 
equations.  Thus  we  may  dispense  with  t  as  the  indepen- 
dent variable  and  employ  some  other  in  its  place.  It  is 
well  known  that  Gtldex's  aim  was  to  determine  the  radius 
of  each  planet  as  a  function  of  its  longitude,  and  thus  he 
adopts  the  latter  as  the  independent  variable.  But  we  are 
almost  necessitated  to  have  only  one  independent  variable 
through  the  whole  treatment  of  the  problem.  It  will  be 
advantageous  to  select  a  variable  already  contained  in  the 
equations.  The  only  one  suitable  appears  to  be  <^  or  the 
elongation  of  the  hypothetical  planets ;  this  like  t  can  be 


-00  to  +00  ,  and  -r-  never  van- 
'  dt 


regarded  as  passing  from 

ishes.*  It  will  be  seen  that  Q  involves  this  variable 
through  the  function  cos<^,  hence,  no  elaboration  of  this 
factor  is  needed  with  the  proposed  choice. 

By  division  of  the  differential  equations  we  obtain 


DF 

dF 

dF 

ds                dr 

ds' 

dr' 

du 

d<t, 

d^^  ~  dF     ' 

d<t>  ~ 

dF 

'     d^  ^ 

~  dF 

du 

du 

^M 

dF 

dF 

dr                ds 

dr' 

ds' 

dt 

1 

d<l,              dF     ' 

d^  ~ 

~  "dF 

'      d4,  ~ 

dF 

du 

du 

du 

so,  we  may  write 

d<j, 

d4  ~ 

dF 
'dh 

dF 

d^ 

A  simpler  form  may  be  given  to  these  equations ;  by 
solving  the  equation  F  =^  C,  u  being  regarded  as  the  un- 
known, we  arrive  at 

«  =   TV  Oj  function  of  ;•,  ?■',  s,  s',  <f> 
Then  we  may  write 


dr 
d^ 


dW 

'dr 
dW 

~d7 


d<f> 
dr' 
d4, 


dW 
'dr' 
dW 
'ds^ 


du 
d^ 
dt 
d^ 


dW 

dif, 
dW 
'dC 


to  which  may  be  added 


*  The  Julian  year  being  the  imit  of  time,  a  rude  computation  has 

dip 
given  81211"  and  .50122    as  the  greatest  and  least  values  of  -jr 


dxp 
d^ 


dW 
~dh 


The  four  differential  equations  bearing  on  the  variables 
»•,  ?•',  s,  s'  constitute  an  independent  system  to  be  integrated 
by  itself.  Thus,  ?•,  »•',  s,  s'  will  be  got  as  functions  of  <^  the 
independent  variable.  The  remainder  of  the  work  on  the 
problem  consists,  first,  of  a  quadrature  executed  on  the 
equation 

dt    _         dW 

d^~  ^  'dC 

by  means  of  which  t  will  be  obtained  as  a  function  of  <^, 
and,  by  inversion,  <^  as  a  function  of  t ;  and,  second,  of  a 
quadrature  executed  on  the  equation 


d^i, 
d^ 


dW 


by  which  i/^  will  be  had  as  a  function  of  <^,  and  thence  of  t. 

It  will  be  seen  that  these  operations  introduce  six  ad- 
ditional arbitrary  constants,  which,  with  h  and  C,  make  up 
the  eight  demanded  by  the  problem. 

If  it  is  thought  undesirable  to  keep  /;  and  C  evident  in 
the  expression  of  W,  we  can  have  recourse  to  the  equations 


d<t, 

dF 

du      ' 

dv 

Tt  ^ 

h+W 

dv'       h-  W 

dt 

mr-        ' 

dt         m'r'= 

We  have  now  to  consider  the  derivation  of  W.     This  is 
obtained  from  the  solution  of  a  quadratic.     This  quadratic 


-+ 


mr'  m'r'^  '  'mm 

To  simplify  the  solution  of  this  we  can  put 


w=hr  , 


xar- 


p'  COS-lJ 


-r-r>  =  P"  sm-v 


Vmr  >l  'mm' 

-7=—=      \2(Q-C)--~—smv 
vm'r'        \     ^  m       m' 

Whence  may  be  derived 

2h  _   cos(v+ti) 


COS(f— u)   = 


W  =  h 


COS(v— v) 


P    \2(Q-C)----,    ' 
\  mm' 

The  quadratic  in  V  can  be  given  the  form 

F-  +  2  r  cos  2v  +  1   =  yi^j2  (12-  C)  -  -  -  —J 
hy[_    "•  '       m       m'J 

This  equation  will  be  more  useful  to  us  in  deriving  the 
value  of  V  OT  W  than  the  equation  involving  the  auxiliary 
angle  v. 
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Since  W  involves  no  less  than  four  square  radicals,  it  is 
sufficiently  plain  that,  with  the  four  dependent  variables 
r,  r',  s,  s',  nothing  can  be  accomplished  in  the  line  of  inte- 
gration. We  are  therefore  led  to  make  a  transformation 
of  variables  such  that  the  radicals  in  the  expression  of  TV 
may  be  got  rid  of.  Gylden's  notions  relative  to  this  step 
in  the  treatment  of  the  planetary  problem  are  valuable, 
but,  what  is  singular,  he  has  never  given  a  philosophical 
presentation  of  them.  We  adopt  the  essential  part  of 
them,  reserving  the  privilege  of  making  extensive  modifi- 
cations in  the  remainder. 

We  bear  in  mind  that  it  is  always  possible  to  study  the 
form  of  orbits  without  regard  to  the  question  as  to  what 
particular  points  the  planets  occupy  at  stated  times.  To 
show  what,  in  fact,  is  at  the  bottom  of  Gylden's  principles, 
the  annexed  diagram  is  drawn.  Let  the  curve  P-^P^P^ 
be  a  portion  of  the  relative  orbit  of  a  planet  about  the 


sun  S.  Suppose  we  have  it  in  our  power  to  draw  the 
tangents  to  the  curve  at  the  points  Pj,  P„,  Pj.  These 
tangents  may  be  regarded  as  the  traces  of  mirrors  per- 
pendicular to  the  plane  of  the  orbit,  and  SP^,  SP^,  SP^ 
being  rays  of  light  emanating  from  the  Sun,  let  the 
directions  of  the  reflected  rays  be  Pji^i ,  P^P^i  Ps^s- 
Next  adopt  a  linear  magnitude  a,  named  the  protome- 
ter  by  Gylden,  and  take  the  points  F  so  that,  gener- 
ally, iSP+PP  shall  equal  double  this.  The  fixed  point  S 
being  called  the  occupied  focus  of  the  curve,  the  points 
Pj ,  P„ ,  P,  may  be  called  the  empty  foci  of  the  curve 
severally  belonging  to  the  points  P, ,  Pj,  P,  and  corre- 
spondent to  the  protometer  a.  As  the  point  P  moves 
along  the  curve  from  Pj  through  P„  to  P^  the  general 
empty  focus  F  will  move  on  a  curve  starting  from  P, , 
passing  through  Pj  to  F,.  As  we  have  drawn  the  radii 
SP,  so  we  may  draw  the  radii  SF.  Note  the  general 
quotient 

SF 
SP+PF 


of  which  the  denominator  is  constant;  this  is  called  the 
eccentricity  (Gylden's  diastem)  of  the  orbit  at  the  point 
P  correspondent  to  protometer  a.  Also  tlie  direction  of 
SF  is  that  of  the  apsides  at  P  correspondent  to  protometer 
a  ;  and  the  difference  of  the  directions  SP  and  FS  taken 
so  as  to  augment  with  the  motion  of  P  is  called  the  true 
anomaly  (Gyldejj's  diastematic  argument)  at  P  corre- 
spondent to  protometer  a. 

The  properties  of  the  orbit  may  then  be  studied  in  the 
path  of  the  empty  focus  P.  There  is  nothing  which  neces- 
sitates a  determinate  value  for  «,  but  practical  consider- 
ations lead  us  to  adopt  a  value  making  F  move  much  more 
slowly  than  P.  It  is  easy  to  see  that  a  value  may  be 
adopted  such  that  when  P  makes  a  movement  of  the  order 
of  the  solar  mass,  F  makes  a  movement  of  the  order  of  the 
disturbing  planetary  masses.  If  we  have  no  other  infor- 
mation as  to  a  proper  value  for  a.  we  may  use  the  semi- 
axis  of  the  instantaneous  ellipse  which  prevails  at  any 
moment,  or  half  the  sum  of  the  radii  at  a  perihelion  and 
an  aphelion  passage  if  the  latter  are  consecutive.  The 
protometer  is  a  superabundant  constant ;  if  it  is  left  inde- 
terminate in  the  integrals  of  the  problem,  on  their  substi- 
tution in  the  original  differential  equations,  the  latter  will 
fail  to  be  satisfied  unless  a  condition  is  established  enabling 
us  to  reduce  the  number  of  introduced  constants  by  a  unit. 
It  is  not  necessary,  however,  that  the  eliminated  constant 
should  be  a  protometer;  we  may  elect  to  remove  one  of 
the  others. 

In  the  theory  of  Jupiter  and  Saftini,  by  properly  adopt- 
ing a  and  a',  the  empty  foci  of  the  two  orbits  may  be 
made  to  move  so  slowly  that,  omitting  minor  oscillations, 
they  do  not  accomplish  what  may  be  called  a  relative  revo- 
lution in  their  positions  in  less  than  54000  years. 

Precisely  as  we  have  had  a  protometer  and  empty  focus 
for  the  planet's  path,  we  may  have  similar  things  for  the 
path  of  P.  Here  the  protometer  will  generally  be  smaller 
than  the  first,  and  the  path  of  the  second  order  wholly 
contained  within  the  path  of  the  first  F.  In  stable  plane- 
tary motion  it  is  to  be  expected  that  when  the  operation  of 
establishing  an  empty  focus  is  repeated  many  times,  the 
movement  of  the  last  P  may  be  small  enough  to  be  neg- 
lected, and  we  thus  shall  have  an  empty  focus  as  fixed  as 
the  occupied  one  S. 

Limiting  our  attention  to  the  emptj'  focus  of  the  first 
order,  we  see  that  when  we  have  adopted  a  value  for  the 
protometer  and  know  the  position  of  the  corresponding 
empty  focus  with  the  longitude  of  the  planet,  we  know  the 
position  of  the  latter  in  space  as  well  as  its  velocities,  it 
being,  of  course,  assumed  that  we  know  the  value  of  W  or 
F  at  the  moment  concerned.  For  convenience  in  graphic 
exhibition  we  have  supposed  in  the  diagram  that  we  had 
the  power  of  drawing  the  tangent  to  the  planetarj-  path  at 
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any  point.     It  does  not,  at  first  sight,  seem  that  the  knowl- 
edge of  the  variable 

(h- 

.s-  =   m  -r- 
dt 

could  be  tantamount  to  this :  but  when  it  is  noted  that 


we  see  that 


dr 

~dt. 


dr 
do 


dv  _     1+r 

dt  var- 


h{i+r)      h+w 


Thus,  if  we  know  the  values  of  s,  h  and  If.  the  tangent 
can  be  drawn. 

It  is  apparent  from  all  this  that  the  planet  may  be  con- 
ceived to  move  at  each  moment  in  an  ellipse  with  a 
constant  major-axis,  but  with  the  eccentricity  and  the  line 
of  apsides  in  constant  variation.  The  principle  of  the 
moving  empty  focus  has  been  invoked  chiefly  to  find  a 
transformation  of  the  four  variables  r,  ?■',  s,  s'  suitable  for 
the  purpose  of  enabling  us  to  get  rid  of  the  square  radicals 
which  appear  in  W. 

Let  us  call  the  protometer  a,  the  eccentricity  e,  and  the 
true  anomaly/  (Gtlden's  symbols  for  the  latter  are  r)  and 
F').  Then  we  propose  to  replace  the  four  variables  r,  r', 
s,  s'  by  the  four/,/',  e,  e'.     We  immediately  have 

1-e-  .  ,       1-e'-' 


1  +  ecos/ 


1  +  e'cos/' 


and  it  only  remains  to  consider  what  functions  of/,/',  e,  e' 
we  shall  substitute  for  the  variables  s,  s'.  To  this  end  we 
appeal  to  some  properties  of  intermediate  orbits.   Let  us  put 

A-  =  r-  +  2k;v'  cos  <^  +  k'V- 
A'^  _  j.i-2-\-  2k>v'cos  (f>  +  K->-- 
A"-  =  )•'-—  2rr'  cos  <^  +  ;•- 

Then  the  potential  function  will  have  the  expression 

■nim' 
Mm     31m'      1  — « 
A    ^    A'    ^    A" 

For  the  intermediate  orbits  we  may  suppose  that  r  takes 
the  place  of  A,  and  r'  the  places  of  A'  and  A".     By  putting 


Mm  =  fjLVi). 

we  can  write 

U  = 
where 


J//h'+. 


/oi'm' 


R  = 


MniKr 


2?-cos  <f}  +  Ki-' 
rA(A  +  /-) 

,,    ,      2r'C0S<i  +  K 
■  Mvi'kv 


_'r'  cos  <i>  —  r 


?-'A'(A'  +  r')  1-K       »-'A"(A"+r') 


Let  the  intermediate  orbits  be  founded  upon  the  po- 
tential 

^        u,m      u.'m' 
;•  ?•' 

Then  it  is  plain  that  the  variables  .<  ana  s'  in  these  inter- 
mediate orbits  will  have  expressions  in  terms  of/,/',  e,  e', 
as  follow : 

Jl^  ^  ■  ■  ,  ,  U'  e'  ■  „, 
; sm  T  ,  -i'  =  m'  [--,  — :^=  sin  f 
"  Vl— e'        '  V''  Vl— e'- 

which  are  the  functions  we  shall  use. 
Compute  now  the  two  Jacobians 


ds  ar       ds  dr 


9s'  dr'       ds'  dr' 
~de'df'~df'  y^' 


Then  the  differential  equations  in  terms  of  the  new  variables 
will  be 


de         dW 


d<i> 


y/ 


,  de' 
^   d^ 


dW 
'de 
dW 

W 


df 


X  -rr  =  — 


d<f> 


dW 
d^ 


We  have 

_    mV/^  esin/+  [;2e+(l+e2)  cos/]  e  cos/ 


VI  y/ fiat 


■s/l—e- 

consequently 

de   _  1 

d<fi  m  -^^ 

d£ 1_  Vf 

d<^ 


Vi^ 


^\lm 


(1  +  ecos/)-' 
dW      de'  _ 

dW     df  _ 

de    '    d^,  ~ 


Vl— e- 

1      yjin^idw 


ra'ylfi'a'       e'       df 
1    .    Vi=V23^ 


m'-\//i'a'       e' 


de' 


These  equations  have  not  the  canonical  form,  but  it  is  easy 
to  reduce  them  to  it.     For  brevity  put 


mV//a 


=  k 


1 


m'^//i'a' 


=  k' 


Then  we  adopt  the  variables  t;  and  rj'  of  the  order  of  the 
squares  of  the  eccentricities  to  replace  e  and  e',  and  such 
that 

V  =  I  (1-Vi^^-)     .      v'  =  J.,  (1-Vi^^O 

whence  it  follows  that 


^/2kr,—k-^Tj2 


V2fc'l'— t'-ij'^ 


With  this  choice  of  variables  we  have  to  submit  to  the 
slight  inconvenience  of  having  half  powers  of  rj  and  r)'  in 
the  expression  of  W.     The  differential  equations  become 


dr, 

dW 

dv' 

dW 

dif, 

df      ' 

d<t> 

<*f' 

df  _ 
d4, 

dW 

dr,        ' 

df_ 
d4> 

dW 
-dr,' 
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The  two  protometers  a,  and  a'  will  be  superabundant 
constants,  but  we  can  bring  it  about  that  there  shall  be 
only  one  such  constant  by  supposing  that  a  and  a'  are 
adopted  not  in  an  arbitrary  manner,  but  so  as  to  fulfil  the 
equation 


jum 


+  ■ 


=  2C 


Thus  we  eliminate  C  which  is  replaced  by  the  two  con- 
stants a  and  a'.  This  restriction  does  not  impair  the  suit- 
ableness of  these  constants  for  our  purpose,  and  it  brings 
about  a  marked  reduction  in  the  complexity  of  the  quad- 
ratic equation  which  determines  W.  Here,  with  profit,  we 
may  introduce  the  variable  semi-parameters. 


By  putting  the  values 


jj'  =  a'{l-e") 


'-—  =  - —  (1  +  e  cosf)     ,       —  =  i^^e-sin-  f 
r  p  '  ^  m         p 


into  the  expression 


it  becomes 


r        2a       m 


2r' 


?^[l  +  .cos/-i(l-e^)-«^sinV]  =  '^"'^ 
Thus  the  equation  for  W  takes  the  form 


{h+  wy    (h-  wy 

2.         r        —  /,./2 


^+^+2ii: 


where  the  variables  s  and  s'  have  been  eliminated  and  re- 
placed by  p  and  p',  or,  what  is  the  same  thing,  by  e  and  e'. 
At  first  sight,  it  might  appear  possible  to  get  rid  of  the 
arbitrary  constant  h  by  putting  it  equal  to  a  function  of 
the  protometers,  and  thus  escape  having  any  super- 
abundant constants.  But  h  essentially  depends  on  the 
moduli  of  the  departure  of  the  orbits  from  circularity, 
hence  there  is  an  incongruity  in  supposing  that  h  depends 
on  a  and  <i'.  After  the  integration  is  accomplished,  we 
shall  find  that  the  differential  equations  are  not  satisfied 
unless  a  condition,  which  may  be  put  in  the  form 

is  fulfilled.  But  we  suppose  that  the  numerical  values  of 
both  h  and  C  have  been  derived  from  observation  before 
the  investigation  is  commenced.  It  is  apparent  therefore 
that  any  incongruity  in  the  values  assigned  to  a  and  a'  are 
simply  thrown  on  the  values  of  the  constants  e^  and  e\ . 
As  the  values  of  the  latter  are  supposed  to  be  determined 
after  the  investigation  is  completed,  we  need  not  pay  any 
attention  to  the  matter. 


Employing  the  preceding  auxiliary  quantities   p  and  v, 
and  putting 


fji.m-'a 


ir=^(i-.^),   i.'  =  ^(i-o,x=,. 


2^ 

9 


the  quadratic  for  V  takes  the  form 

r-  +  2  Tcos  2w  +  1  =  K  cos%  -f-  K'  sin%  +  .T 

=  ^A'+Zi')  +  i(K-K')  cos2v+  X 
Let  us  make 

A  =  Vi(-fir+A'')-i    ,    M  =  sT^^'  -  a] 


Then 


[T'+cos2„]-  =  A-  +  (2A  +  M)  cos  2v  +  cos'-2v  +  A' 


If  we  put 


A' 


\r  =  A  +  cos  2v     ,     N-Q  =  J/ cos  2,;  +  X 


we  have 


[r+cos2u]-  =  N\l  +  Q) 
whence  it  follows  that 

V^A  + 


NQ 


1+  Vl+Q 

The  radical  in  this  expression  must  have  the  positive  sign. 
The  preceding  formulas  have  been  given  such  a  shape 
that  the  greatest  degree  of  accuracy  may  be  attained  by 
the  use  of  logarithms  of  a  definite  number  of  decimals. 
We  note  that  X  is  of  the  order  of  the  planetary  masses ; 
and,  in  the  case  of  Jupiter  and  Saturn,  the  numerical  value 
of  cos2u  is  always  less  than  ^'^ ,  and  M  of  the  order  of  the 
squares  of  the  eccentricities,  hence  M  cos  2v  may  be  con- 
sidered as  of  the  same  order  as  X.  Thus  Q,  always  within 
the  limits  ±  0.004,  is  of  the  same  order.     A  is  then  quite 

an  approximate  value  of  V.     The  computation  of  the  latter 

2 

is  facilitated  by  having  a  table  of  log  r;—, — " for  small 

1  +  Vl+Q 
values  of  Q.     We  have  preferred  to  derive  V  instead  of  W, 

because  it  is  independent  of  the  assumed  linear  and  tempo- 
ral units;  to  have  IF  multiply  F  by  the  constant  h. 

It  is  proposed  to  develop  V  in  series  suitable  for  use  in 
the  further  prosecution  of  the  subject  by  the  employment 
of  special  values.  It  will  be  found  convenient  to  have  the 
development  in  two  forms.  First,  as  a  power  series  of 
four  rectangular  coordinates,  so  to  speak,  and  second  as  a 
series  of  periodic  terms  depending  on  arguments  whose 
constituents  are  <^,  /  and  /'.  It  is  comparatively  easy  to 
pass  from  one  to  the  other  of  these  forms.  We  prefer  to 
attack  the  develoj)ment  by  waj'  of  the  first  form.  In  the 
elaboration  of  this  matter  it  seems  a  trifle  easier  to  employ 
parameters  somewhat  different  from  those  previously  sug- 
gested.    We  adopt  the  four  following  : 


e  cos/  =  X 


e'  cos/' 


e'-  =  y     ,     e"  =  y' 
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We  shall  then  have 

where  the  A  are  periodic  functious  of  the  indepeuilent 
variable  <^,  such  that 

A  =  C„+  C,  cos  4>  +  1 2  cos  2<l>  +  (\  cos  o<^  +    .   . 

the  C  being  constants.  The  object  of  the  procedure  is  to 
discover  tlie  vahies  of  the  C  from  the  special  values  of  V 
corresponding  to  chosen  values  of  the  five  parameters 
X,  »■',  ?/,  )j',  4>- 

The  second  or  polar  form  for  V  may  be  given  in  terms 
of  7;    and  T}'  instead  of  e  and  e' ;  it  is 

r  =   Z[A^^+  A,,y^+  A,,r^'+  A,,rf  +  A,,r,r,>  +  A,,r,'-'  +   .    .] 

^IjI^JtI  cos  (y<^ +  //'+;'/') 

where,/  maj-  not  receive  negative  integral  values,  while  i  and 
i'  do.  The  A  in  this  expression  are  constants  whose  numer- 
ical values  result  from  the  proposed  method. 

With  the  chosen  parameters  the  radii  have  the  expres- 
sions. 


1+.T 


,1-.'/' 


Let  us  suppose  that,  in  the  considered  development  of  V, 
all  terms  of  an  order  greater  than  the  eighth  with  respect 
to  eccentricities  may  be  neglected  ;  and  that  the  quantities 
A  are  to  be  pushed  so  as  to  stop  with  the  term  (7,5  cos  15<^ ; 
then  it  is  evident  that  the  number  of  constant  coefficients 
Cis 

16[L5.9  +  2.4.7  +  3..3.o  +  4.2.3  +  5.1.1]  =  2800 

We  shall  thus  be  obliged  to  compute  2800  special  values 
of  V.  But,  not  to  be  too  greatly  appalled  at  this,  we  see  that 
very  large  jjortions  of  the  computations  involved  are  identi- 
cal throughout  certain  groups  in  the  2800  values.  In  order 
to  save  labor  we  must  arrange  am  work  in  such  a  manner  that 
there  are  no  virtual  repetitions  even  of  arithmetical  opera- 
tions. For  instance,  having  to  make  our  computations  for 
the  16  values  of  ^,  viz.,  0°,  12°,  24°,  ....  180°,  we  notice 
that  the  only  way  <^  is  involved  in  V  is  by  the  factor  cos  <^; 
hence,  when  <j>  is  in  the  second  quadrant,  the  terms  having 
it  as  factor  are  to  be  got  by  negativing  the  corresponding 
terms  when  <^  was  in  the  first  quadrant. 

It  is  impossible  to  give  here  such  a  development  of  V 
as  has  just  been  described,  nevertheless  I  propose  to  ex- 
emplify the  process  by  giving  some  details  for  the  special 
value  <^  =  60°.  We  must  then  compute  175  values  of  V. 
First,  it  is  necessary  to  mention  the  values  adopted  for  the 
masses,  the  two  protometers  and  the  two  constants  C  and 
h  added  severally  to  the  equations  of  living  forces  and  coq- 


servation  of  areas.  Let  the  Julian  year  be  the  unit  of 
time,  and  the  Earth's  mean  distance  from  the  Su7i  the 
linear  unit.     Let  us  assume  the  data : 


Mass  in  terms  of 

Sun's  mass 

Earth  ^^s^fitf 

Jupiter       T»TT.Ti;fB 
Saturn  ^sK.c 


1295977".4238 
109256".61518 
43996".08754 


log  (n  in  terms  of 

tbe  radian) 
0.7981723  029 
9.7240226085 
9.3289889243 


Whence  follow  the  values  of  the  logarithms  of  the  masses  : 

logJ/=  1.5963432  817  ,  log>»  =  8.576  2493713 
logw'  =  8.0520767  483 

Thence  are  derived  the  values  of  the  constants  employed 
in  the  preceding : 

logfi^  =  8.575  8350290  ,  log;ii„  =  8.0519528  568 

log/n3  =  5.0314444859  ,  logK  =  6.3418974  798 


logm  =  8.575  8349  808 
logjii    =  1.596  7576  722 


logm'  =  8.0519527  448 
logja'    =  1.596  8818368 


To  get  the  values  of  a  and  a',  we  have  the  equation  already 
agreed  upon, 

..n,  ..'.11' 


^+^'  ^  ot 


A  discussion  of  ephemerides,  derived  from  the  New  Tables 
of  Jupiter  and  Saturn,  gives 

2C  =  0.33268  25845 

It  may  be  arbitrarily  assumed  that  the  ratio  may  be  ob- 
tained from  the  equation 

3  _  a'    _  /I    «'- 

Thence  log  «  =  9.736  6028  224 ;    and   the   two  equations 
combined  give 

log  a  =  0.716  2344  631     ,     log  «'  =  0.979  6316407 

From  the  same  discussion  of  ephemerides  we  get 

7^=0.3789310781     ,     log  A  =  9.5785602  254 

Having  now  the  values  of  the  necessary  constants,  the 
formulas  for  the  special  value  ^  =  60°  may  be  set  down. 
The  special  values  of  x  and  x'  are  selected  from  the  arith- 
metical progression  —0.08,  —0.06,  .  .  .,  0.06,  0.08;  those 
of  2/  and  tj'  from  the  progression  —0.0050,  -0.0025,  0.0000, 
0.0025,  0.0050.  Modifying  the  significations  of  )•  and  A, 
the  following  formulas  which  involve  constants  are  given 
(the  number  within  brackets  are  common  logarithms)  : 


1-.'/ 
l+.r 


1-.'/ 
1  +  x' 
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A-  =  1  +  0.00040  29904 

r' 

+  0.00000  01624  ^ 

Arguments 

y       y' 

A'-=  1  +  0.0001198120 

r 

+  0.0000000144  ^, 

d         d' 
0    0 

A 
.42653  77301599 

logjtf 
7.680  9425  816" 

-2   0 

.43244  64917  631 

8.062  1565  242  « 

A"-=  1  -  0.54525  89745 

r 

+  0.29730  73492  '-, 
r'- 

-1    0 
1    0 

.42950  22721059 
.4235524392043 

7.913 1787  711" 
7.134  7777  062  w 

p2=    0.9810611839 

1 

+  0.9745047801  -^, 

2    0 

0  -2 

.42054  59573  717 
.4275144143  044 

7.3245.524  816 
7.879  9102207" 

1 

-0.974.50  47801  4 

0  -1 

.42702  63514  632 

7.7917616788  » 

p-cos2«=    0.9810611839 

0    1 

.42604  85484  730 

7.531  6407  641 « 

/■- 

r'- 

0    2 

.42555  88044  701 

7.302  0514  923  w 

-[7.2055623  922] 

r' 

1+0.0004029904- 

-1   -1 

1  1 

2  1 

.42998  75246.308 
.42.305  98056  562 
.42004  97978  427 

7.981 1656  474  » 
.5.584  9170  982 

P^ 

A(A  +  1) 

7.546  6291400 

-[5.8911982364] 

r 

1+0.00011 98120 -, 

r' 

1    2 

-1    1 

1  -1 

.42256  65977  901 
.4290164707  212 
.4240445004  359 

7.158  9463  351 
7.832  4670  973  ?i 

P' 

A'(A'  +  1) 

7.4417072155 

+  [6.5293022  860] 

r 

1-0.5452589745'", 
r' 

The  175  values  of  V  and  of  the  derived  function  G  which 
serve  better  for  the  determination  of  the  coefficients  follow; 

P' 

A"(A"  +  1) 

The  following  table  gives  the  v 

alues  of  A  and  log  M  for 

all  are  to  13  places  of  decimals ;  the  horizontal  lines  de- 

the only  combinations  of  the 

Falues  of  y  and  ?/'  that  are 

limit  the  16  groups  ;  the  first  G  is  omitted  as  it  is  identi- 

used;  d'  represents  0.0025. 

cal  with  the  corresponding  V.* 

No. 

Argu 

ment 

V 

G 

1 

0 

0 

0 

0 

.42607  46965557 

2 

-4 

0 

0 

0 

.42658  69065  999 



12  80525  llOi 

3 

-3 

0 

0 

0 

.42643  33658  278 

— 

1195564  240^ 

4 

_2 

0 

0 

0 

.42629  88798  411 

_ 

1120916  427 

5 

-1 

0 

0 

0 

.42618  01784162 

_ 

10  54818  605 

6 

1 

0 

0 

0 

.42598  0.3943  278 



9  43022  279 

7 

2 

0 

0 

0 

.42589  56291  947 

_ 

8  95336  805 

8 

3 

0 

0 

0 

.4258190638  313 

_ 

8  52109  081^ 

9 

4 

0 

0 

0 

.42574  95984  151 

- 

812745  351^ 

10 

0 

-4 

0 

0 

.4256915912  989 

+ 

9  57763142 

11 

0 

-3 

0 

0 

.42577  87633  688 

+ 

9  86443  956^ 

12 

0 

—  2 

0 

0 

.4258712863  433 

+ 

1017051062 

13 

0 

-1 

0 

0 

.42596  97198  701 

+ 

10  49766  856 

14 

0 

1 

0 

0 

.42618  69350  764 

+ 

1122385197 

15 

0 

2 

0 

0 

.42630  72560  656 

+ 

1162797  549* 

16 

0 

3 

0 

0 

.42643  66015  374 

+ 

12  06349  939 

17 

0 

4 

0 

0 

.42657  60587  540 

+ 

12  53405  4951 

18 

0 

0 

_2 

0 

.43202  73981  346 



297  63507  894^ 

19 

0 

0 

-1 

0 

.4290514744  700 

_ 

297  67779143 

20 

0 

0 

1 

0 

.42309  71356  838 

_ 

297  75608  719 

21 

0 

0 

2 

0 

.4201188635  244 

- 

297  791651561 

22 

0 

0 

0 

_2 

.42699  90167  611 

_ 

46  21601027 

23 

0 

0 

0 

-1 

.42654  09550  516 

_ 

46  62584  959 

24 

0 

0 

0 

1 

.42560  00405  323 



47  46560  234 

25 

0 

0 

0 

2 

.4251167793  591 

- 

47  89585  983 

26 

-1 

—  1 

0 

0 

.42606  562.38  373 



95778  933 

27 

1 

0 

0 

.42608  34132  997 



92195  478 

28 

-1 

0 

0 

.42630  31492  094 

_ 

1  07322  735 

29 

1 

—  1 

0 

0 

.42588  36915  790 



82739  368 

30 

—  2 

—  1 

0 

0 

.42()17.31408  338 

_ 

1  0.381 1608^- 

31 

2 

0 

0 

.42599  (KWU  5  124 

_ 

86031  010 

32 

_2 

0 

0 

.42643  41(;L3  541 

_ 

1  16714  906i 

33 

2 

—  1 

0 

0 

.42580  01300  834 

_ 

77387  87H 

34 

-1 

-2 

0 

0 

.42595  86133  903 

— 

90774  007^ 

No. 

Argument 

V 

G 

35 

1 

'> 

0 

0 

.42619  34273162 

-  976.32  607i 

36 

-1 

2 

0 

0 

.42643  55401  477 

-114011108 

37 

1 

O 

0 

0 

.42579  27061368 

-  78610107 

38 

_  o 

o 

0 

0 

.42605  61728  808 

-  982418691 

39 

2 

o 

0 

0 

.4260917946109 

-  90986 234i 

40 

_2 

2 

0 

0 

.4265811299  341 

- 1  24226  451 

41 

2 

—  2 

0 

0 

.42572  16599  647 

-  73602  456 

42 

-3 

-1 

0 

0 

.42629  44381336 

-113170  0281 

43 

3 

1 

0 

0 

.42590  71252144 

-  80590  455i 

44 

-3 

1 

0 

0 

.42658  39221886 

-127726137 

45 

3 

-1 

0 

0 

.42573.58809  032 

-  72645  858^ 

46 

-1 

-3 

0 

0 

.42585  83853  549 

-  86199 581^ 

47 

1 

3 

0 

0 

.42631  12095  383 

-1  03632  570§ 

48 

-1 

3 

0 

0 

.42657  85136  233 

-121434  0842 

49 

1 

-3 

0 

0 

.42570  69070  294 

-  74819 628^ 

50 

3 

2 

0 

0 

.42600  05443  053 

-  86131726^ 

51 

2 

3 

0 

0 

.42619  96703  738 

-  96439  671 

52 

4 

1 

0 

0 

.42.58315338  857 

-  75767  6223- 

53 

1 

4 

0 

0 

.42643  76450  170 

-110278  7721 

54 

0 

0 

—  1  - 

-1 

.42950  85731868 

-  91597  791 

55 

0 

0 

1 

.42261  31404  5.39 

-  93392  065 

56 

0 

0 

_1 

1 

.42858  61411708 

-  93227  242 

57 

0 

0 

1  . 

-1 

.42357  25708  152 

-  97766  355 

58 

0 

0 

1 

.41962  55137  620 

-  93468  695 

59 

0 

0 

2 

.42212  03727  440 

-  94228  716 

60 

-1 

0 

1 

0 

.42924  09891117 

+  8  40327  812 

61 

1 

0 

0 

.42307  81172  757 

+  7  528.38198 

62 

-1 

0 

0 

.4231183237  274 

+  842938169 

63 

1 

0 

_1 

0 

.42888  20630  257 

+  7  51092164 

64 

_2 

0 

_1 

0 

.4294542660  584 

+  8  93041515 

65 

2 

0 

0 

.42306  09573  591 

+  7  14445181^ 

66 

—  2 

0 

0 

.42314  20669  240 

+  8  96260  226 

67 

2 

0 

_1 

0 

.42872  98055  735 

+  7  13007  677^ 

68 

1 

0 

2 

0 

.42017  52729  396 

+  7  53669  918^ 

69 

-1 

0 

2 

0 

.42005  55057  317 

+  8  44197  605* 

•The  reader  is  referred  to  A.J.,  No.  567,  and  Amer.  Jour.  Math.,  Vol.  XXVII,  for  further  explanation. 
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No. 

ArgTiment 

V 

G 

No. 

Argument 

r 

G 

70 

3 

6 

i 

6 

.42304  54019  971 

+  6  79663  459 

123 

i 

-i 

-1 

0 

.4287153705  895 

+ 

64544  991 

71 

-3 

0 

1 

0 

.42316  88492  034 

+  9  56519  175 

124 

2 

2 

1 

0 

.4231142982  526 

+ 

71552 870i 

125 

126 

3 
1 

1 
3 

1 

1 

0 
0 

.42306  99606077 
.42316  58726  586 

+ 
+ 

63351  599^ 
81576  577 

72 

0 

-1 

-1 

0 

.42886  99701766 

-7  65276  078 

73 

0 

1 

1 

0 

.42312  68659  512 

-8  25082  523 

127 

1 

1 

2 

0 

.42012  76456  273 

+ 

72968  608 

74 

0 

-1 

1 

0 

.42306  88639  700 

-7  67049  718 

128 

2 

1 

-1 

0 

.42889  36957  902 

+ 

66976  834 

75 

0 

1 

-1 

0 

.42924  59662  555 

-8  22532  658 

129 

1 

t) 

-1 

0 

.42925  07517  361 

+ 

75906 420i 

7(3 

0 

2 

_i 

0 

.4L'.s7ii  (ii'ii.-i.s  100 

—  7  39294  738 

* 

0 

2 

1 

0 

.42;;l.VSL'l'.i.-.  229 

-8  57228  354 

130 

1 

1 

0 

.4256087729  013 

+ 

28237  637 

78 

0 

O 

1 

0 

.42;;o4  18786  889 

-7  40766  087^ 

131 

-1 

1 

0 

.42575  94463  515 

+ 

32845  338 

79 

0 

O 

-1 

0 

.42945  48709  860 

-8  54185  030| 

132 

-1 

-1 

0 

.42559  09515  556 

+ 

29397  926 

80 

0 

1 

2 

0 

.42006  58396  977 

-8  26311732 

133 

1 

-1 

0 

.42546  64929123 

+ 

25407  544 

81 

0 

-1 

o 

0 

.42016  74658  880 

-7  67895  246 

134 

'J 

1 

0 

.42554  51841848 

+ 

26356  556^ 

8L' 

0 

3 

1 

0 

.42;-.19  1.-)U7.S648 

-8  91776  002^ 

135 

_2 

1 

0 

.42584  95142  857 

+ 

35697  554i- 

83 

0 

—  3 

1 

0 

.4230160263  719 

-7  16079  583J 

136 

2 

-] 

0 

.42566  45089166 

+ 

31846  952^ 

137 

2 

-1 

0 

.42541 34343 104 

+ 

23766 9l9i 

84 

-1 

0 

0  - 

-1 

.42(567  87841  281 

+  3  23472160 

138 

2 

0 

.42568  69244  761 

+ 

29858  1 66i■ 

85 

1 

0 

0 

1 

.42.'i.^;;.'>j."i(;s'.).52 

+  2  97185  908 

139 

_l 

2 

0 

.42585  31449  886 

+ 

34832618|■ 

86 

-1 

0 

0 

1 

A-jr.hT  L'Lsr.M'ie 

+  332355  712 

140 

_l 

2 

0 

.4255148198  654 

+ 

27895  913^ 

87 

1 

0 

0  - 

-1 

.42641  7i;'.)l'(;ol9 

+  2  89602  218 

141 

•> 

0 

.42540  14541  925 

+ 

24166  993i 

88 

2 

0 

0  - 

-1 

.42683  ::;8238  269 

+  3  43427  449^ 

142 

1 

0  - 

.42654  96567  423 

+ 

27127  971 

89 

o 

0 

0 

1 

.42547  74072  853 

+  2  82170  570 

143 

1 

0  - 

.42683  65607  230 

+ 

31478  361 

90 

o 

0 

0 

1 

.42575  35990  131 

+3  53142  023 

144 

-t 

0  - 

.4265318978  509 

+ 

28242  389 

91 

2 

0 

0  - 

-1 

.42630  68649  045 

+  2  75113  930^ 

145 

_1 

0  - 

.42629  39283  286 

+ 

24459  349 

92 

1 

0 

0 

2 

.42508  26988  681 

+3  01108  684^ 

146 

0 

.4256171692  711 

+ 

27834  026 

93 

-1 

0 

0 

2 

.42.-.15  486-.lL'123 

+  3  36960  036^ 

147 

1 

0 

.42548  79163  701 

+ 

24693  319§ 
31634  388 

94 

3 

0 

0 

1 

.42542  49737  206 

+  2  68553  042^ 

148 

3 

0 

.42577  04606  653 

+ 

95 

-3 

0 

0 

1 

.42584  57441246 

+  376552  266 

149 
150 

1 
1 

0 
0  - 

.42512  55279  807 
.42642  84852  575 

+ 
+ 

28820  831 

96 

0 

-1 

0  - 

-1 

.42640  64709  066 

-2  95074  594 

25349  651^ 

97 

0 
0 

1 
-1 

0 
0 

1 
1 

.42567  97523  222 
.42.-.52  5.3433  670 

-3  25267  298 
-  3  02795  203 

151 

2 

0  - 

-1 

.42669  06819  681 

+ 

28651  934 

98 

152 

0 

.42262  47874174 

+ 

9467  808 

99 

0 

1 

0  - 

-1 

.426(;8  48515  369 

-316579  656 

153 

0 

.42259  99657  374 

+ 

11271889 

100 

0 

2 

0  - 

-1 

.42628  04936  972 

-2  85255  710 

154 

0 

.42874  35363  281 

+ 

11160  808 

101 

0 

2 

0 

1 

.42576  50630  014 

-3  37685  204 

1.5.5 

0 

.42844  55099179 

+ 

9383  994 

102 

0 

O 

0 

1 

.42545  51492  069 

-2  92594  435 

156 

0 

.42352  36690  375 

+ 

9231  478 

103 

0 

o 

0  - 

-1 

.42683  92013  261 

-3  28433  823 

157 

0 

.42362  72033  437 

4- 

10972  689 

104 

0 

1 

0 

2 

.42516  30638  533 

-3  29770127^ 

158 

2 

0 

.422(;3  51464  200 

+ 

8750  884 

105 

0 

-1 

0 

2 

.42507  31605  566 

-3  06789  41 5| 

159 

2 

0 

.42258  49628  608 

+ 

12420 143^ 

106 

0 
0 

3 
-3 

0 
0 

1 

1 

.42585  66437  572 
.42538  90076135 

-3  51005  856 
-2  83000  8931 

107 

160 

0 

1 

.42260  92414  414 
.4226161124  863 

- 

11025  501 
9642  259 

161 

0 

—  1 

108 

1 

1 

0 

.42310  58853156 

+  72573  203 

162 

0 

-1 

.42843  39602100 

9561 877 

109 

-1 

1 

0 

.42315  0.3254  566 

+  84608  117 

163 

0 

1 

.42874  91981  917 

10919  652 

110 

-1 

-1 

0 

.42308  80287  364 

+  75546161 

164 

0 

1 

.42363  50324  212 

10733  730 

111 

1 

-1 

0 

.42.!05  16036  942 

+  65158  073 

165 

0 

_1 

.42.351  38510  779 

9405  641 

112 

2 

1 

0 

.423(18  70161138 

+  67673  4464 

166 

0 

2 

.42260  43481  118 

11845  702 

113 

o 

1 

0 

.42317  67229171 

+  92086  338" 

167 

0 

_2 

.4226182134318 

9055  429 

114 

2 

2 

-1 

-1 

0 

0 

.42310  94233 .327 

.42303  59840  003 

+  81952  221 
+  6O896  096A 

115 

168 

1 

.42-(;i'  I'.MHiucsi 

+ 

1.561  270 

116 

1 

o 

0 

.4231.3  50710  980 

+  7(;S32  523i 

169 

—  1 

1 

.42L'.V.i  |S,-s-;;:,3 

+ 

1954 156 

117 

-1 

2 

0 

.42318  42689  790 

+  89854  04.5J 

170 

_  1 

-1 

.422(;0  4UliJ8  846 

+ 

1625  994 

118 

-1 

2 

0 

.42305  92346  103 

+  71613  456i 

171 

-1 

.42262  68459  135 

+ 

1309 142 

119 

1 

2 

0 

.42302  61990  132 

+  61916445' 

172 

1 

_1 

.42859  48403  716 

+ 

1539  074 

120 

1 

1 

—  1 

0 

.42906  01583  877 

+  71768  757 

173 

1 

-1 

.4235813051049 

+ 

1505140 

121 

-1 

1 

_1 

0 

.42945  4.5641  449 

+  83509  742 

174 

2 

1 

.42263  31294  710 

+ 

1411  324^ 

122 

-1 

-1 

—  1 

0 

.42904  24359  261 

+  74709  989 

175 

1 

2 

.4226181490  030 

+ 

1711556 

From  the  preceding  data  is  derived  the  following  development  of    F  for  the  .special  ease  of  (f> 
in  both  of  the  forms, 


60°.       It    is  given 


''-^-<s)'e-)'&)'(0  •  "--"'"• 
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as  the  first  more  readily  than  the  second,  enables  us  to  see  how  well  the  development  represents  the  function 
in  the  region  played  over  by  the  special  values  of  the  parameters.  The  coefficients  of  the  first  form  are  in  units  of 
the  13th  decimal,  and  the  fraction  is  appended,  so  that  if  substituted  in  the  linear  equations  they  should  rigorously 
reproduce  the  special  values  of  V.  In  the  second  form  the  coefficients  are  carried  to  such  a  number  of  decimals  as  the 
case  seems  to  warrant. 


Fact. 

A 

A 

Fact. 

A 

A 

+ 

0.42607  46965  567 

.'/  y'' 

— 

813  790  i 

— 

5.20825  76 

X 

_ 

9  95887  358  j%% 

_ 

0.00497  94367  94 

y"  y' 

— 

83  346  i 

— 

0.53419  20 

.7-2 

+ 

55734  500^11 

+ 

0.01393  36251  1 

fy" 

+ 

935  i 

+ 

2.39424 

.r' 

_ 

3024  283  *| 

_ 

0.03780  35494 

y  y" 

— 

7  932  1 

— 

20.3076 

,.4 

+ 

163  188  IIJ 

+ 

0.10199  306 

,'/'.'/' 

+ 

1  927  i 

+ 

4.9335 

./■5 

8  771  f  |§ 
472  ^y^ 

27  m% 

1  t\Vo 

_ 

0.27410  63 

X  !/ 

+ 

7  94380  169  ^\ 

+ 

1.68876  0339 

;<■« 

+ 

+ 

0.73775 

X  y^ 

+ 

1064  112  tV 

+ 

0.85128  99 

+ 

+ 

2.1715 
5.793 

X    1/^ 

x-'y 

— 

14  504  i 
44703  833  |§ 



4  64152 
4.47038  337 

x' 

+ 

10  84799  091  ^Vtr 

+ 

0.00542  39954  55 

x-^f- 

— 

213  890  AJ 

— 

8.55563 

ir'- 

+ 

36266  880  /^aa^^^y 

+ 

0.00906  67201  3 

■r'y' 

+ 

740  ii 

+ 

11.86 

.,.13 

+ 

1275  486  ^V 
42  241  fVV? 

+ 

0.01594  3576 

x^  // 

+ 

2425  972  11 

+ 

12.12986  26 

x'* 

+ 

+ 

O.02640  108 

■>■'? 

+ 

24  985  ^ 

+ 

49.9707 

a-'^ 

+ 

1  447  U 
48  /I'sV 

1  in 

4^5% 

97  71813  066  -J 

+ 

0.04524  14 

■•■\'/ 

— 

130  414  II 

— 

32.60362 

.r'« 

+ 

+ 

0.07531 

■r'  y' 

— 

2190^L 

— '. 

219.00 

.t" 

+ 

+ 

0.1303 

.'-■'  y 

+ 

7  443  Afi^ 

+ 

93.0431 

.r'8 

+ 

+ 

0.197 

■r'y 

— 

397  H§ 

-248.42 

U 

2 



1.19087  25226 

x'l, 

— 

7  94043  184  ^V 

— 

1.58808  6369 

_ 

3914  945^ 



0.06263  9128 

x'f 

— 

1064  945  j\ 

— 

0.85195  66 

+ 

119  135  i 

+ 

0.76246  51 

X'  ,/ 

+ 

14  502  -rV 

+ 

4.64082 

V 

+ 

157^ 

+ 

0.40320 

■'•'7/ 

— 

28791  033  t\V 

— 

2.87910  333 

y' 

_ 

47  04232  293  f 



0.18816  92917 

x'"-,r 

— 

193  242  J 

— 

7.72731 

_ 

41984  770  i 



0.67175  6325 

x'Y 

+ 

738  tV 

+ 

11.82 

_ 

340  302  § 



2.17793  81 

.'•'V 

— 

955  427  I 

— 

4.77713  6 

_ 

2  867  -> 



7.33994 

x'V 

— 

16 930 f 

— 

31.861 

X  x' 



93780  675  >-i«§§ 

_ 

0.02344  51690 

■r"y 

— 

32  004  -1 

— 

8.00104 

X  x'-' 



5193  965  f  i 

_ 

0.06492  4563 

x'Y 

— 

813  A 

— 

81.35 

X   .<;" 

_ 

243  845  30.37 

_ 

0.15253  026 

■'■'V 

— 

1  1351 

— 

14.189 

X  x'* 



10  525  Ifi 

_ 

0.32893  7 

x'h, 

— 

47  m 

— 

29.63 

X   x" 

_ 

433  III 

18  m 



0.6777 

X    ',/' 

+ 

3  09677  309  f 

+ 

0.61935  4619 

X   x" 

_ 



1.439 

X  y'-^ 

+ 

4091  479  t'it 

+ 

3.27318  37 

X  x" 

_ 

uu 



2.3 

X   .y'« 

+ 

48  913  A 

+ 

15.65226 

X'X' 

+ 

6979  301  j%\ 

+ 

0.08724  1264 

■v'y' 

— 

17203  697  AV 

— 

1.72036  97 

x^x" 

+ 

516  869  i|i 

+ 

0.32304  323 

x''  1/'^ 

— 

322  540  ^rr 

— 

12.90160 

x^  3;'» 

+ 

30  598  ^l^ 

+ 

0.95618  8 

■r'y" 

— 

5  386  i 

— 

86.179 

x'xJ* 

+ 

1  590  m 

+ 

2. 4858 

x'  y' 

+ 

925  596  U 

+ 

4.62798  1 

x-'x'^ 

+ 

80  \U 

+ 

6.319 

x^  y'- 

+ 

25  330  H 

+ 

50.6618 

x^x" 

+ 

^  m 

+ 

15.1 

X*  y' 

_  t 

51  009  T^V? 

— 

12.7624 

x'x' 

_ 

478  942  II 

_ 

0.29933  92 

■r*y" 

— 

2  425  tV 

— 

24.254 

x»x'= 

_ 

44  994  T^J,: 

_ 

1.40606  7 

■r'  y' 

+ 

2  180  1^ 

+ 

27.254 

x^x" 

_ 

3  190  ,Vij 

_ 

4.9849 

x"  y' 

+ 

156  f  1^ 

+ 

97.75 

x^x'* 



203  ;«,^ 



15.90 

x'V 

— 

3  09527  595  ^% 

— 

0.61905  5191 

x*x' 

+ 

10  rViT 
31  293  T-J, 

+ 

39.4 
0.97790  7 

x'y'"- 
x'  y" 

— 

4086  908  i 
48  819  ,\ 

— 

3.26952  65 
16.62221 

X*  x'^ 

+ 

3418  li 

+ 

5.3420 

x'-y' 

— 

10977  038  U 

— 

1.09770  38 

x^x'" 

+ 

300  II 

+ 

23.50 

x/'y'^ 

— 

242  650  1 

— 

9.70601 

x*x'* 

+ 

21  nV 

+ 

82.8 

x'h/"      . 

_ 

4  183  fV 

— 

66.936 

xOx' 

_ 

2  008  ^e 

_ 

3.1378 

x'V 

_ 

352  374  /j 

— 

1.76187  1 

x'x" 

_ 

270  l^ 

_ 

21.111 

x"//'- 

— 

15  154  ^% 

— 

30.3092 

x'x" 

_ 

13  u 

_ 

54.5 

x'W 

_ 

13  057^1 

— 

3.26445 

x'x' 

+ 

131  f75 

+ 

10.284 

x"i/" 

+ 

892  tV 

+ 

8.921 

x»x« 

+ 

18  H 

+ 

74.0 

x'y 

_ 

398  U 

— 

4.983 

x'x' 

_ 

7  hm 

_ 

29.4 

x'y 

— 

9  \U 

— 

6.30 

y  .'/' 

- 

92489  858  /j 

- 

1.47983  773 

X  x'  y 

+ 

73455  843  {-i 

+ 

7.34558  439 

N°^  577- 

578 

THE  ASTEONOI 

Fact. 

A 

A 

X  x'^y 

+ 

4019  198  i\ 

+     20.09599  0 

xx'^ij 

+ 

201  208  1- 

+  50.3021 

X  x'*ij 

+ 

7  184*1 

+  89.812 

X  x'^ij 

— 

237  iU 

-  148.4 

x^x'y 

_ 

5490  544  p 

-  27.45272  4 

x^x'-y 

_ 

400  177  f> 

-  100.0444 

x-'x'^y 

— 

24  625  y. 

-  307.816 

xVy 

— 

^8  vV 

-  23.8 

x^x'  y 

+ 

404  680  ^J 

+  101.17014 

x^x'-y 

+ 

36  196tV 

+  452.451 

x^x'^y 

_ 

5  775  ^^ 

-3609.7 

x*x'  y 

-_ 

25  956  i 

-  324.456 

x*x'-y 

_ 

2  632i 

-1645.3 

a-'  x'y 

1  0' 1  AV 

-  669.6 

X  x'  y^ 

+ 

397  308  i| 

+  15.89234 

X  x'V" 

+ 

56  699  1 

+  113.399 

X  x'Y 

+ 

8  653  5 

+  865.37 

X'x'  y- 



64  630  1 

-  129.262 

x-x''Y 



8  85U 

-  885.14 

x^x'  y- 

+ 

13  043  1 

+  1304.37 

xx'  y^ 

_ 

2  '^79  a 

-  36.364 

xx'  y' 

+ 

28156  416  tV5 

+   2.81564 167 

X  x''-'y' 

+ 

1506  165  =,>j 

+   7.53082  5 

X  x'hj' 

+ 

8L571  " 

+  20.3927 

X  x'*y> 

+ 

3  036^ 

+  37.952 

x  x'hj 

_ 

1104^ 

-  690.1 

x-x'  y' 

_ 

2073  295  § 

-  10.36647  8 

x-x'-i/' 

_ 

146  532  1 

-  36.6332 

x'x'hj' 

_ 

8  774  ^„ 

-  109.676 

x-x'*y' 

— 

453  }i 

-  283.7 

x'x'  y' 

+ 

158  406  ,'5 

+  39.60153 

xvy 

+ 

13  561^ 

+  169.515 

xVy' 



3  945  .] 

-2466.1 

x^x'  y' 

- 

9  369  3 

-  117.117 
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In  order  to  have  V  or  W  as  a  function  of  the  four  vari- 
ables /, /',  7],  1]'  the  preceding  expression  must  be  tran.s- 
formed  by  making  the  substitutions 


=   ^'2kr,  —  k'-Tf  cos f 

y  =  2kr, 


'  ^   \l2k'ri'  —  A-'-tZ-cos/' 

\kY     ,     y'  =  2k'-q'  -  k'Y' 


It  is  proposed  to  accomplish  the  integrations  the  prob- 
lem involves  by  Delaunat  transformations.  Selecting  an 
argument  j<l>  +  if  +  i'f',j,  i  and  i'  being  integers  prime  to 
each  other,  such  a  transformation  of  the  four  variables 
fsf)  V'  v'  i^  made  as  shall  make  the  periodic  terras  of  W 
depending  on  this  argument  disappear.  When  all  the 
sensible  periodic  terms  have  been  got  rid  of  by  a  series  of 
these  operations  fV  will  be  reduced  to  a  function  of  rj  and 
1}'.  As  the  differential  equations  retain  their  canonical 
form  throughout  the  whole  of  this  process,  in  the  final 
stage,  1]  and  r;'  become  constant,  and  if  we  put 


a  w 

dr}' 


K  and  k'  will  be  constants,  and  the  final  expressions  for  / 
and  f  will  be 


Fact. 

A 

A 

x'x'-y 

_ 

1  096  |3 

_ 

685.6 

x^x'  y> 

_ 

1  233  ,\ 

— 

770.7 

x  x'  v" 

+ 

558  638  1 

+ 

22.34553 

X  x'Y' 

+ 

46  613  J 

+ 

93.228 

X  x'Y' 

+ 

5  277 

+ 

527.7 

x-'x'  y'-' 

— 

58  081  f 

— 

116.163 

x^x'Y- 

_ 

6  24(>  i 

_ 

624.61 

x^x'y" 

+ 

8  631  .\ 

+ 

863.15 

X  x'  //" 

+ 

9  453  1 

+ 

151.259 

a-  y  y' 

+ 

10115  3GSi 

+ 

8.09229  51 

■'-     I/!/' 

_ 

874  429  .VI 

— 

34.97719 

■'■'     .'/.'/' 

+ 

71  888 \% 

+ 

143.777 

^■'     !/!/' 

— 

5  091  i] 

— 

509.1 

X      y  if 

+ 

133  882  \ 

+ 

42.8424 

x'     y  y'- 

_ 

15  717  i 

— 

251.48 

X       y'y' 

+ 

48  708  I 

+ 

15.5868 

x-     y-y' 

_ 

6  801  I 

_ 

108.828 

x'     yy' 

_ 

10116  329  f 

— 

8.093064 

x"    yy' 

_ 

669  483  v\ 

26.77934 

■'•"  Vu' 

_ 

38  895  ^ 

— 

77.790 

■>■'*    U  !/' 

_ 

1  982  ^% 

— 

198.2 

x'     y  y'- 

— 

132  097  1 

— 

42.2711 

x'-'    yy'^ 

— 

13  788  • 

— 

220.61 

x>     ijY 

_ 

46  557  -^ 

— 

14.8985 

x"   ySj' 

_ 

6  366iJ 

— 

101.868 

X  x'y  y' 

+ 

1550  904  § 

+ 

62.0362 

X  x'-yy' 

-1- 

145  072  i 

+ 

290.145 

X  x"yy' 

+ 

8  074 

+ 

807.4 

x-x'  yy' 

_ 

177  434  i 

_ 

354.869 

X-  x"yy' 

_ 

19  008  i 

— 

1900.85 

x'  x'  yy' 

+ 

15  498  § 

+  1549.88 

X  X.'  y-y' 

+ 

11098 

+ 

177.568 

X  x' yy" 

+ 

27  065 

+ 

433.04 

/ 

=   <{<i>  +  r)      ,  /' 

=  K 

(<#'+''0 

(•  and  c'  being  constants. 

In  accordance  with  the  principles  of  the  Delauxat 
method,  the  mentioned  transformations  must  be  made  not 
only  in  the  function  W,  but  also  in  four  functions  designed 
to  define  the  positions  of  the  two  planets  in  the  common 
orbital  plane.  There  is  considerable  latitude  for  choice 
here,  but  the  four  functions  I  propose  are  these : 

"    =  (1— A-7;)-=[l  + V2fc»;— fc-Jj-cos/] 

%  =    (l-k'-q')--  [1+  VSfe'v'-fc'-'/'-COS/'] 

r 

dt    _  p.+  W  _  /^-IFI-' 

T^  ~  |_    mr'  \&'r'-  \ 

W      h-  JVirh+  W _h-  TFI-i 
^'^   m.'r'-'  \\^1^~  mV"J 


d^     rA+  w .  h- 1 

d^ 


\_   mr- 


When  computing  the  special  values  of  For  W,  since  we 
employ  the  values  of  ;■  and  ?•',  it  is  very  little  additional 
labor  to  derive  the  special  values  of  the  right  members  of 
the  third  and  fourth  equations  of   the  just-given  group. 
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By  applying  the  same  method  as  for  J'  we  have  infinite 

series  for  -^  and  -^-   of   the    same    character   as   for   the 
d<j>  a<t> 

former  quantity,  and  the  Delaunat  transformations  can 
be  made  in  tlieni  in  precise!}'  the  same  way. 

When  the  latter  are  concluded  we  shall  have  -  and  —. 

r         r' 

as  functions  of  the  independent  variable  <j> ;  but  before  we 
can  have  t  and  i/r  as  similar  functions,  it  will  be  necessarj', 
in  each  case,  to  execute  an  integration  with  reference  to  <^, 
wliicli  will  be  easy,  as  each  term  is  of  the  form 

A' cos  {K<f>  +  P) 

With  this  operation  I  regard  the  solution  of  the  problem 
as  completed.  The  assertion  may  need  justification.  We 
are  in  the  habit  of  using  tables  by  inversion,  the  general 
theory  of  interpolation  sufiicing  for  the  purpose.  Although 
tables  of  anti-logarithms  have  been  published,  they  are 
seldom  used,  and  no  tables  have  ever  been  computed  for 


furnishing  the  arc  to  a  given  sine  or  tangent.  Let  this 
notion  be  applied  to  tables  for  Jupiter  and  Saturn;  let 
them  be  constructed  so  as  to  give,  in  the  first  instance,  the 
time  at  which  the  hypothetical  planets  have  a  definite 
elongation  <^.  The  computation  being  made  for  a  series 
of  values  of  <^  as  720°,  721°,  722°  .  .  . ,  by  interpolation  we 
find  the  value  of  <^  corresponding  to  a  definite  time ;  with 
this  as  argument  we   can  enter  another  division  of  the 

tables  and  get  the  corresponding  values  of  -  and  — ^  and  i/r  ; 

thus  the  positions  of  the  hypothetical  planets  are  known  : 
whence  it  is  possible  to  get  those  of  the  actual.  In  this 
way  an  analytical  inversion  of  series  is  avoided. 

In  this  connection  I  must  state  my  conviction  that 
Gylden's  device  of  the  reduced  time  is  without  sensible 
advantage. 

The  application  of  Delaunay  transformations  will  be 
treated  in  another  memoir. 


OBSERVATIONS   OF  MINOR  PLANETS, 

MADE    WITH   THE    12-INCH   AND   26-INCH   EQUATORIALS    AT   THE   U.S.  NAVAL   OBSERVATOKY, 

By  J.  C.  HAMMOND. 
[Communicated  by  Rear-Admiral  C.  M.  Chester,  U.S.N.  Superintendent.] 


1904-05  Wash'n  M.T. 

* 

Comp. 

Aa. 

Al 

App.  a 

App.  S 

logpA 

Red.  to 

App.  PL 

1VM>4 

h   m 

(13^  Eqeria. 

1          //'   1  ■  h    in    s    I       o 

Nov.  28 

10  34 

46 

1 

29,6 

-o' 

14.37 

+  11  21.4 

3  41  35.06 

+  29 

17  12.6  «8.919 

0.171 

+  4.63  +  6.4  1 

30 

8  21 

37 

2 

24,5 

+  1 

26.09 

_ 

0  56.7 

3  39  13.24 

+  29 

22  21.6  |m9.527 

0.345 

+  4.64 

+  7.1 

30 

8  41 

40 

3 

25  ,5 

+  1 

4.33 

— 

0  25.3 

3  39  12.37 

+  29 

22  23.1  M9.477 

0.308 

+  4.65  +  7.0 

(103)  Emi. 

Nov.  30 

9  38 

53 

4 

25,5 

-3 

20.91 

6  39.4   3  21  56.08  +10 

1  15.2  n9.113 

0.630 

+  3.98  +  6.9  1 

Dec.  8 

10  39 

7 

5 

25  ,  5 

+  3 

49.81 

+ 

6  0.4   3  15  56.59  +  9 

(116)  Sirona. 

53  28.2  8.824 

0.628 

+  3.95 

+  7.6 

Dec.  1 

10  38 

39 

6 

25,5 

+  1 

47.89 

+ 

7  25.8  1  4  1  11.40  1  +20 
(130)  Elektra. 

43  12.4  |«8.932 

0.440 

+  4.35 

+  4.1 

Dec.  1 

11  27 

55 

7 

25  ,  5 

+  1 

21.52 

_ 

5  58.0 

4  29  47.82 

-14 

7  13.2 

?i8.603 

0.845 

+3.55 

+  0.1 

8 

11  50 

45 

8 

5  ,  1 

+  0 

6.53 

+ 

3  53.3 

4  24  4.90 

-13 

46  6.6 

8.875 

0.842 

+  3.60 

-  1.1 

12 

10  12 

57 

9 

30,  6 

-0 

32.37 

-f 

2  51.1 

4  21  4.89 

-13 

27  8.0 

n8.939 

0.840 

+  3.62 

-  1.6 

12 

10  30 

17 

10 

30  ,  6 

-1 

51.44 

+ 

0  10.5 

4  21  4.29 

-13 

27  5.2 

«8.712 

0.841 

+  3.62 

-  1.6 

18 

10  16 

26 

11 

30  ,  6 

+  0 

22.65 

_ 

3  27.4 

4  16  55.95 

-12 

49  3.7 

«8.364 

0.838 

+  3.63 

-  2.3 

18 

10  34 

21 

12 

30  ,6 

-1 

39.25 

- 

1  54.0 

4  16  55.46 

-12 

48  50.1 

8.135 

0.838 

+  3.64 

-  2.5 

(44)  N>/sa. 

Dec.  13 

10  39 

26 

13 

30  ,  6 

+  2 

20.48 

+ 

3  8.5 

4  7  40.24 

+  15 

2  21.4 

7.437 

0.548 

+  4.25 

+  2.9 

13 

11  3 

11 

14 

30,6 

_2 

44.24 

_ 

7  21.1 

4  7  39.13 

+  15 

2  20.1 

8.715 

0.549 

+4.27 

+  2.4 

16 

10  9 

46 

15 

30  ,  6 

+2 

46.67 

-t- 

7  44.6 

4  5  6.51 

+  15 

2  9.9 

»8.462 

0.548 

+  4.25 

+  3.1 

1905 

(415)  Paint  ia. 

Jan.  2 

12  54 

35 

16 

29  ,6 

+  1 

8.82 

_ 

3  46.4 

6  5  39.63 

+  15 

16  52.3 

9.292 

0.563 

+ 1 .08 

-10.1 

4 

11  8 

32 

17 

25  ,  5 

+  2 

52.13 

_ 

3  10.9 

6  4  7.25 

+  15 

29  53.7 

7.214 

0.540 

+  1.09 

-10.1 

8 

10  42 

23 

18 

30  ,  6 

—3 

38.32 

+ 

1  59.4 

6  1  10.12 

+  15 

57  18.6 

W8.144 

0.532 

+  1.11 

-10.2 

14 

10  13 

43 

19 

30  ,  6 

+  0 

51.35 

_ 

1  26.3 

5  57  28.92 

+  16 

39  18.0 

M8.228 

0.519 

+  1.11 

-10.1 

14 

10  53 

21 

20 

14,3 

+  1 

44.34 

_ 

0  43.0 

5  57  27.93 

+  16 

39  28.0 

8.817 

0.521 

+  1.11 

-10.1 

15 

9  25 

19 

21 

30,  6 

+  1 

41.50 

_ 

2  48.2 

5  56  59.03 

+  16 

46  7.3 

«9.033 

0.524 

+  1.11 

-10.1 

15 

9  48 

17 

22 

25,  5 

-1 

21.79 

+ 

2  20.3 

5  56  58.69 

+  16 

46  15.8 

M8.783 

0.519 

+  1.11 

-10.2 

16 

10  5 

23 

23 

20  ,  10 

+  0 

18.77 

_ 

2  21.5 

5  56  29.10 

+  16 

53  22.7 

«8.199 

0.514 

+  1.11 

-10.2 

20 

10  13 

10 

24 

30,  6 

-1 

27.11 

^^ 

3  42.0 

5  54  51.62 

+  17 

21  36.0 

8.566 

0.506 

+  1.11 

-10.1* 

N06.  577-o7i 
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1905  Washn  M.T. 

* 

Comp. 

z/a    1 

j8        1   App.  a 

App.  8 

logpA 

Red.  to  App.  PI. 

h    m 

(78)  Diana. 

Jan.  4 

11  55 

58 

25 

25  ,  5 

+r 

50.04 

— 

o'33°0 

6  36  52.17 

+  36  6  22.5 

8.585 

9.614 

+  L27 

-  9.8 

4 

12  10 

58 

26 

20  ,  4 

-0 

59.23 

— 

5  41.3 

6  36  51.34 

+  36  6  21.1 

8.878 

9.642 

+  1.27 

-  9.9 

15 

10  47 

34 

27 

30,6 

-1 

8.64 



2  54.0 

6  25  11.66 

+  35  18  42.0 

7.703 

9.720 

+  1.33 

-  8.4 

15 

11  8 

16 

28 

25  ,  5 

-0 

12.69 



6  43.0 

6  25  10.80 

+  35  18  36.3 

8.746 

9.736 

+  1.33 

-  8.4 

16 

10  50 

28 

29 

30  ,  6 

+1 

12.00 

— 

2  9.6 

6  24  16.18 

+  35  13  10.9 

8.380 

9.734 

+1.33 

-  8.3 

(51)  Nemausn. 

Jan.  27 

9  58 

11 

30 

30  ,  6 

+  0 

22.32 

+ 

3  41.2 

8  18  47.73 

+  5  53  36.5 

?i9.340 

0.686 

+  1.25 

-12.1 

28 

9  59 

36 

31 

25,5 

+  2 

28.94 

+ 

3  18.3 

8  17  50.16 

+  60  44.5 

rt9.317 

0.684 

+  1.26 

— 12.2 

30 

10  2 

40 

32 

25,  5 

+  2 

34.59 



0  22.6 

8  15  55.67 

+  6  15  25.7 

?i9.266 

0.680 

+  1.27 

-12!5 

30 

10  18 

55 

33 

25,5 

-1 

1S.41 

_ 

0  15.8 

8  15  54.88 

+  6  15  31.4 

«9.188 

0.678 

+  1.27 

-12.4 

Feb.  3 

10  57 

32 

34 

30  ,  6 

-0 

43.11 

+ 

1  8.3 

8  12  10.82 

+  6  46  41.6 

7t8.604 

0.668 

+  1.28 

-12.8 

(15)  Eunomia. 

Jan.  28 

10  57 

23 

35 

25,5 

+  3 

17.66 

+ 

8  27.5 

8  41  17.16 

+  13  9  34.5 

»9.167 

0.588 

+  1.23 

-11.9 

Feb.  3 

11  43 

20 

36 

25  ,  5 

+  0 

52.70 



8  6.2 

8  34  55.88 

+  13  9  34.0 

7.809 

0.579 

+  1.27 

-12.3 

4 

9  46 

3 

37 

30  ,  6 

+  0 

49.77 



6  11.1 

8  33  59.18 

+  13  9  35.6 

«9.334 

0.598 

+  1.28 

-12.3 

7 

10  8 

53 

38 

25  ,  5 

+4 

0.28 

+ 

2  39.2 

8  30  57.09 

+  13  9  53.0 

H9.161 

0.588 

+  1.28 

-12.3 

10 

10  26 

5 

39 

30,6 

+  1 

48.02 

+ 

6  11.4 

8  28  4.45 

+  13  10  18.4 

»8.910 

0.582 

+  1.29 

-12.4 

14 

10  42 

46 

38 

24,  5 

o 

28.82 

+ 

3  36.2 

8  24  28.59 

+  13  10  49.8 

»7.886 

0.579 

+  1.28 

-12.5 

(362)  Ha  villa. 

Jan.  28 

11  56 

2 

40 

29  ,  6 

-0 

9.14 

+ 

8  21.6 

9  22  27.86 

+  28  44  16.1 

n9.096 

0.210 

+  1.17 

-12.3 

30 

11  23 

9 

41 

22  ,  5 

+  4 

16.08 

_ 

1  39.9 

9  20  23.63 

+  28  52  19.4 

»9.243 

0.230 

+  1.21 

—  12.2 

Feb.  4 

10  42 

8 

42 

30,6 

-1 

9.08 

_ 

7  46.4 

9  15  4.80 

+  29  10  9.3 

n9.321 

0.240 

+  1.27 

-11.9 

10 

11  58 

42 

43 

23,5 

+  3 

43.77 

— 

1  23.0 

9  8  37.35 

+  29  25  53.1 

8.455 

0.154 

+  1.33 

-11.2 

1905  P.S. 

Feb.  10 

9  51 

41 

44 

22  ,5 

-3 

13.13 

— 

1  56.6 

7  59  26.98 

+  19  27  28.4 

n8.983 

0.469 

+  1.27 

-11.5 

14 

9  52 

42 

45 

25  ,  5 

+4 

27.69 

+ 

3  35.5 

7  56  34.55 

+  19  30  21.8 

M8.741 

0.464 

+  1.24 

-11.4 

15 

10  10 

23 

46 

25,5 

+  3 

43.56 

+ 

7  17.7 

7  55  55.51 

+  19  30  54.4 

M7.898 

0.461 

+  1.24 

-11.4 

17 

10  28 

29 

47 

20  ,  4 

+  5 

20.97 

+ 

2  7.4 

7  54  44.27 

+  19  31  45.2 

8.696 

0.463 

+  1.22 

-11.4* 

18 

10  18 

15 

48 

25  ,5 

+  3 

51.30 

_ 

4  44.0 

7  54  12.20 

+  19  32  5.1 

8.573 

0.462 

+  1.22 

-11.3* 

24 

11  18 

4 

49 

30  .6 

+  3 

38.73 

+ 

5  32.0 

7  51  39.86 

+  19  32  32.3 

9.327 

0.494 

+  1.16 

-11.0 

26 

10  34 

48 

50 

23  ,5 

+4 

40.28 

— 

1  47.1 

7  51  6.69 

+  19  32  10.1 

9.157 

0.476 

+  1.14 

-11.0 

(192)  Nausikaa. 

Mar.  2 

11  5 

14 

51 

19  ,  5 

-3 

27.34 

+ 

0  48.5 

10  31  45.49 

+  10  19  44.7 

n8.961 

0.624 

+  1.38 

-11.7 

5 

10  22 

34 

52 

24  ,  5 

+  2 

24.90 

1  40.4 

10  28  47.43 

+  10  30  26.7 

«9.166 

0.625 

+  1.39 

-11.8 

5 

10  40 

49 

53 

27,6 

+  0 

23.64 

+ 

0  32.8 

10  28  46.61 

+  10  30  28.2 

tt9.044 

0.622 

+  1.39 

-11.8 

10 

11  39 

54 

54 

24,  5 

+3 

38.82 

2  17.1 

10  23  56.50 

+  10  47  12.3 

8.764 

0.616 

+  1.38 

-11.7 

13 

9  26 

32 

55 

30,6 

-0 

7.52 

_ 

3  9.1 

10  21  18.25 

+  10  55  54.7 

M9.254 

0.623 

+  1..38 

-11.7 

13 

9  40 

14 

56 

30,  6 

-0 

47.73 

+ 

0  20.2 

10  21  17.97 

+  10  55  56.6 

«9.185 

0.620 

+  1.38 

-11.7 

(117)  Lomia. 

Mar.  13 

10  32 

0 

57 

27,6 

-0 

14.80 

— 

5  26.9 

11  20  33.10 

+  3  43  51.5 

n9.216 

0.705 

+  1.46 

-10.9 

13 

10  44 

42 

58 

9  ,2 

+  2 

11.00 

+ 

3  11.0 

11  20  32.81 

+  3  43  53.3 

JJ9.148 

0.704 

+  1.46 

-11.0 

15 

10  5 

32 

58 

28  ,  6 

+  0 

22.47 

+ 

5  35.7 

11  18  44.29 

+  3  46  17.9 

719.291 

0.706 

+  1.47 

-11.1 

25 

12  10 

4 

59 

25  ,5 

+  0 

55.84 

+ 

0  33.2 

11  9  54.17 

+  3  56  51.6 

9.152 

0.702 

+  1.46 

-11.4* 

O'J- 

9  46 

27 

60 

30  ,  6 

+1 

52.49 

— 

3  12.0 

11  8  21.62 

+  3  58  20.2 

ra9.091 

0.701 

+  1.45 

-11.5* 

(198)  Ampella. 

Mar.  16 

10  45 

43 

61 

24  ,5 

+  0 

38.27 

— 

0  48^4 

11  0  17.54 

-  8  30  46.0 

W8.886 

0.809 

+  1.58 

-12.3 

16 

10  58 

27 

62 

25  ,5 

+1 

40.37 

_ 

1  14.5 

11  0  17.06 

-  8  30  43.1 

ra8.711 

0.809 

+  1.57 

-12.4 

16 

11  14 

47 

63 

25  ,  5 

+1 

4.60 

+ 

3  43.0 

11  0  16.47 

-  8  30  38.6 

«8.268 

0.810 

+  1.58 

-12.3 

25 

10  54 

23 

64 

20  ,  4 

+  4 

2.81 

— 

0  57.6 

10  52  48.67 

-  7  35  8.2 

8.427 

0.803 

+  1.52 

-13.3 

25 

11  14 

6 

65 

25,  5 

+  2 

16.91 

+ 

3  46.8 

10  52  48.05 

-  7  35  2.8 

8.822 

0.802 

+  1.53 

-13.3 

28 

9  48 

35 

66 

25  ,  5 

2 

42.84 

+ 

4  28.4 

10  50  35.86 

-  7  16  14.7 

ra8.888 

0.800 

+  1.52 

-13.4 

(42)  Isis. 

Mar.  28 

10  37 

24 

67 

25,5 

_o 

9.74 

— 

1  1.8 

12  5  4.30 

+  13  47  8.9 

«9.114 

0.576 

+  1.46 

-  9.2 

30 

11  25 

20 

68 

25  ,  5 

+  2 

50.49 



3  32.8 

12  3  10.12 

+  13  66  25.2 

W8.112 

0.566 

+  1.46 

-  9.2 

30 

11  38 

54 

69 

18  ,  6 

+  0 

23.30 

_ 

6  7.3 

12  3  9.69 

+  13  56  28.1 

8.177 

0.566 

+  1.46 

-  9.1 

Apr.  7 

10  30 

31 

70 

25  ,  5 

+  2 

53.50 

^ 

7  37.8 

11  56  4.00 

+  14  26  5.0 

wS.668 

0.559 

+  1.44 

-  8.4 

14 
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1905  Wash'n  M.T. 

* 

Comp. 

Ja         1 

J8 

App.  a 

App. 

S 

log  p\ 

Red.  to  App.  PI. 

(487)    Venefia. 

h       in       8 

in       s 

1         II            h        m       8                      c 

/ 

// 

// 

g 

Mar.  28 

11  21  29 

71 

25,5 

+  1  30.22 

+ 

0  55.2 

11  53  45.46 

+  15 

43 

32.5  ?i8.253 

0.536 

+  1.44  - 

9.2 

28 

11   33  23 

72 

18  ,  6 

-0  19.38 

— 

3  57.6 

11  53  44.98 

+  15 

43 

35.3     7.835 

0.536 

+  1.45  - 

9.2 

31 

10     6  20 

73 

25  ,  5 

+  3  33.62 

— 

0  22.4 

11  51  27.55 

+  15 

57 

28.5  ft9.154 

0.543 

+  1.44  - 

9.0 

Apr.     7 

11   14     9 

74 

25  ,5 

-1  15.57 

+ 

0  56.8 

11  46  22.35 

+  16 

23 

28.2     8.805 

0.526 

+  1.43  - 

8.2 

(122)    Gerda. 

Mar.  29 

11  14  39 

75 

25,5 

-1     1.67 

+ 

1  35.0 

12  59  30.47 

-   5 

41 

22.9 

W9.182 

0.786 

+  1.63  - 

7.8 

29 

11  30  21 

76 

25  ,5 

+  1  11.38 

_ 

4  27.6 

12  59  30.20 

—   5 

41 

20.2 

?(9.()86 

0.787 

+  1.63  - 

7.9 

31 

10  53  34 

77 

20  ,4 

+  3  58.88 

+ 

3  15.7 

12  58     5.71 

-   5 

31 

32.0 

«9.241 

0.784 

+  1.64  - 

8.2 

31 

11     6  53 

78 

25  ,  5 

-0  13.34 

+ 

5  24.2 

12  58     5.49 

-  5 

31 

28.5 

M9.173 

0.785 

+  1.64  - 

8.0 

Apr.     9 

9  43  17 

79 

25  ,  5 

-1  19.26 

+ 

1  14.8 

12  51  38.98 

-   4 

46 

41.2 

W9.353 

0.776 

+  1.68  - 

8.3 

IG 

9  31  21 

80 

18  ,  6 

+  0  24.U0 

— 

2  59.3 

12  46  48.17 

-  4 

13 

0.8 

W9.276 

0.774 

+  1.68  - 

8.7 

19 

9  43  49 

81 

25  ,  5 

+  2     8.23 

+  10  31.1 

12  44  50.36 

-   3 

59 

21.0 

n9.145 

0.774 

+  1.67  - 

8.8 

(190)   Ixiiiene. 

Apr.     9 

10  30  46      82 

25,  5 

-1  10.96 

+ 

4  56.1 

12  45  15.80 

_   2 

18 

11.8 

?i9.099 

0.760 

+  1.65  - 

8.5 

16 

10  24  35      83 

25,  5 

+  3  10.94 

— 

1  49.7 

12  41   17.44 

-   1 

45 

54.1 

M8.881 

0.756 

+  1.64  - 

8.8 

22 

11  22  25      84 

30  ,  6 

-0  55.74 

+ 

6  38.8 

12  38     8.93 

-   1 

20 

35.7 

8.964 

0.752 

+  1.63  - 

8.6 

(163)   trigone. 

Apr.     9 

11  25  23 

85 

30  ,  6 

+  1  38.98 

+ 

1   11.7 

13  12     4.72 

_  2 

7 

56.3 

?i9.851 

0.759 

+  1.66  - 

7.5 

16 

10  59  55 

86 

5  ,  1 

-2     5.98 

— 

4     5.6 

13     5  48.68 

-    1 

19 

27.1 

w8.737 

0.752 

+  1.68  - 

7.6 

23 

11  35  17 

87 

30  ,  6 

-0  16.39 

+ 

1  56.3 

13     0     3.83 

-   0 

37 

32.3 

8.914 

0.746 

+  1.67   - 

7.6 

May     1 

10  10  16 

88 

25  ,  5 

-1     3.97 

+ 

0  21.4 

12  54  37.95 

-   0 

0 

45.6 

M8.137 

0.740 

+  1.64  - 

7.4 

(53)  Kalypso. 

Apr.  24 

10  55  16  1   89 

25  ,  5 

+  3  16.87 

_ 

1  29.8 

14  47  39.57 

-   8 

8 

5.0 

M9.300 

0.801 

+  1.84  - 

3.3 

May     1 

11     0     1 

90 

18  ,  6 

+  0  16.26 

_ 

11  23.7 

14  41  28.62 

—   7 

35 

16.0 

M9.103 

0.801 

+  1.90  - 

3.4 

7 

10  52  31 

91 

25  ,  5 

+  1  50.46 

— 

1  35.2 

14  36  11.60 

—   7 

9 

47.3 

n8.928 

0.799 

+  1.93  - 

3.5 

7 

11     7  38 

92 

25  ,  5 

+  0  57.41 

- 

3     5.4 

14  36  11.24 

—   7 

9 

48.0 

M8.737 

0.800 

+  1.93  ^ 

3.4 

(345)    Tercidhm. 

May  21 

11     5  25 

93 

25  ,  5 

+  2     9.77 

+ 

2  12.5 

16  27  35.02 

-12 

52 

12.5 

n9.234 

0.831 

+  2.16  + 

2.6 

23 

11  21  21 

94 

25  ,  5 

-2  17.90 



3  32.7 

16  25  38.10 

-12 

39 

19.9 

»i9.083 

0.834 

+  2.18  + 

2.7 

27 

10  14  48 

95 

25  ,  5 

+  0  29.48 

+ 

8  28.9 

16  21  45.83 

-12 

14 

47.8 

M9.323 

0.824 

+  2.22  + 

2.5 

28 

9  53  52 

96 

20  ,  4 

+  3  30.21 

+ 

3  17.3 

16  20  47.89 

-12 

8 

52.3 

n9.379 

0.820 

+  2.22  + 

2.3 

28 

10  23  39 

97 

30  ,  6 

-0  59.74 

5  20.8 

16  20  46.54 

-12 

8 

46.8 

?i9.267 

0.826 

+  2.22  + 

2.6 

(386)   Sieyenu. 

May  27 

11  40     5 

98 

25,  5 

+  2  12.20 

+ 

5  32.0 

15  59  46.24 

+   7 

34 

58.3 

7.045 

0.658 

+  1.99  + 

2.2 

27 

11  52  39 

99 

30  ,  6 

+  0     4.96 

_ 

3  13.2 

15  59  45.75 

+   7 

34 

59.9 

8.423 

0.658 

+  2.00  + 

2.2 

June    8 

9  37  27 

100 

10  ,  10 

-0     0.66 

+ 

4     9.9 

15  50  56.69 

+   7 

51 

27.8 

W9.119 

0.658 

+  2.04  + 

3.7 

14 

9  35  30 

101 

25,5 

+  2     6.54 

+ 

1  52.3 

15  46  59.99 

+   7 

48 

29.8 

ji8.910 

0.656 

+  2.03  + 

4.5 

18 

10  48  46 

102 

25  ,  5 

+  2  22.47 

_ 

0  39.9 

15  44  36.17 

+    7 

42 

30.5 

9.008 

0.658 

+  2.02  + 

4.9 

18 

11     8  42 

103 

25,  5 

+  2  43.91 

+ 

3  19.7 

15  44  36.13 

+   7 

42 

27.9 

9.148 

0.660 

+  2.02  + 

4.9 

(276)  Adelheid. 

June    8 

10  36  26    104 

20  ,  4 

+  3  46.12 

_ 

1  37.7    16  32  36.65    -   1 

45 

51.2  n8.985 

0.756 

+  2.19  + 

4.1 

8 

10  54  23    105 

20  ,4 

-2  57.94 

" 

6  32.4    16  32  36.07    -   1 

(470)  Kilia. 

45 

49.0  «8.787 

0.756 

+  2.20  + 

4.4 

June  14 

10  43  48 

106 

25  ,5 

-1     2.98 

+ 

5  58.1    17     0  32.54 

-   9 

32 

38.0 

«8.963 

0.815 

+  2.35  + 

5.7 

18 

11  44  25 

107 

25,  5 

+  0  41.54 

+ 

4  24.1    16  56  57.50 

-  9 

31 

55.1 

8.841 

0.810 

+  2.38  + 

5.7 

18 

11   55  14 

108 

18,  6 

+  0  22.70 

+ 

5  55.4  1 16  56  57.15 

-   9 

31 

55.3 

8.959 

0.815 

+  2.38  + 

5.7 

25 

10  30  54 

109 

25  ,  5 

-2     0.39 

- 

2  14.6  1 16  51  22.52 

-   9 

36 

58.2 

M6.130 

0.817 

+  2.40  + 

5.9 

(58)   Concordia. 

June  25 

11  37     2  |110 

20,  4 

+  3  37.12 

_^ 

4  17.2  |16  34  56.74  |  -14 

6 

39.3  1  9.190 

0.840 

+  2.43  + 

4.0 
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Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


3  41 
3  37 
3  38 
3  25 
3  12 

3  59 

4  28 
4  23 


10 


■1 
1 
4 

5  56 
5  55 
5  55 
5  58 
5  56 

5  56 

6  35 
6  37 
6  26 
6  25 
6  23 
8  18 
8  15 
8  13 
8  17 
8  12 
8  37 
8  34 
8  33 
8  26 

8  26 

9  22 
9  16 


7  52 

7  49 

7  50 

7  47 

7  46 

10  35 

10  26 

10  28 

10  20 

10  21 


44.80 
42.51 

3.39 
13.01 

2.83 
19.16 
22.75 
54.77 
33.64 
52.11 
29.67 
31.07 
15.51 
19.10 
15.59 
29.73 
14.03 
47.33 
36.46 
42.48 
16.42 
19.37 

9.22 
17.62 

0.86 
49.30 
18.97 
22.1G 

2.85 
24.16 
19.96 
19.81 
12.02 
52.65 
58.27 

1.91 

8.13 
56.13 
15.14 
35.83 

6.34 
12.61 
52.25 
38.84 

5.62 
10.71 
22.08 
19.68 
59.97 
25.27 
11.45 
21.14 
21.58 
16.30 
24.39 


Authority 


+  29 
+  29 
+  29 
+  10 
+  9 
+  20 
-14 
-13 
-13 
-13 
-12 
-12 
+  14 
+  15 
+  14 
+  15 
+  15 
+  15 
+  16 
+  16 
+  16 
+  16 
+  16 
+  17 
+  36 
+  36 
+  35 
+  35 
+  35 
+  5 
+  5 
+  6 
+  6 
+  6 
+  13 
+  13 
+  13 
+  13 
+  13 
+  28 
+  28 
+  29 
+  29 
+  19 
+  19 
+  19 
+  19 
+  19 
+  19 
+  19 
+  10 
+  10 
+  10 
+  10 
+  10 


5  44.8 
23  11.2 
22  41.4 

7  47.7 
47  20.2 
35  42.5 

1  15.3 
49  58.8 
29  57.5 
27  14.1 

45  34.0 

46  59.6 
59  10.0 

9  38.8 

54  22.2 

20  48.8 
33  14.7 

55  29.4 
40  54.4 
40  21.1 

49  5.6 

44  5.7 
55  54.4 
25  28.1 

7  5.3 
12  12.3 

21  44.4 
25  27.7 

15  28.8 

50  7.4 
57  38.4 

16  0.8 
15  59.6 

45  46.1 


18  9 


15  59.0 

7  26.1 

4  19.4 

36  6.8 
54  11.5 

18  7.6 
27  27.3 
29  36.5 

26  57.7 
23  48.1 

29  49.2 

37  0.4 

27  11.3 
34  8.2 

19  7.9 
32  18.9 

30  7.2 
49  41.1 
59  15.5 


Camb.Eng.,  A.G.I  847 
Camb.  Eng.,  A.G.  1809 
Camb.  Eng.,  A.G.  1815 
Leipzig  II,  A.G.  1287 
Leipzig  II,  A.G.  1217 
Berlin  B,  A.G.  1317 
Washington,  A.G. Zones 
Washington,  A.  G.Zones 
Cam  b.(U.S.),  A.G.  Zones 
Camb.  (U.S.),  A.  G.Zones 
Camb.(U.S.j.A.G.Zones 
Camb.(U.S.),A.G.Zones 
i(Leip.I,1223+Ber.A.,110]) 
KLeip.I,1247+Ber.A.,lllS) 

Leipzig  I,  A.G.  1207 
Berlin  A,  A.G.  1948 
Berlin  A,  A.G.  1906 
Berlin  A,  A.G.  1954 
Berlin  A,  A.G.  1856 
Berlin  A,  A.G.  1846 
Berlin  A,  A.G.  1838 
Berlin  A,  A.G.  1876 
Berlin  A,  A.G.  1850 
Berlin  A,  A.G.  1853 
Lund,  A.G.  3438 
Lund,  A.G.  3479 
Lund,  A.G.  3358 
Lund,  A.G.  3346 
Lund,  A.G.  3324 
Leipzig  II,  A.G.  4552 
Leipzig  II,  A.G.  4509 
Leipzig  II.  A.G.  4488 
Leipzig  II,  A.G.  4533 
Leipzig  II,  A.G.  4482 
Leipzig  I.  A.G.  3515 
Leipzig  I,  A.G.  3492' 
Leipzig  I,  A.G.  3486 
Leipzig  I,  A.G.  3436 
Leipzig  I,  AG.  3434 
Camb.  Eng.,  A.G.  4964 
Camb.  Eng.,  A.G.  4924 
Camb.  Eng.,  A.G.  4927 
Camb.  Eng.,  A.G.  4849 
Berlin  A,  A.G.  3202 
Berlin  A,  A.G.  3120 
Berlin  A,  A.G.  3124 
Battermann,  455 
Berlin  A,  A.G.  3100 
Berlin  A.  A.G.  3078 
Berlin  A,  A.G.  3067 
Leipzig  I,  A.G.  4081 
Leipzig  I,  A.G.  4045 
Leipzig  I,  A.G.  4054 
Leipzig  I,  A.G.  4017 
Leipzig  I,  A.G.  4021 


* 

a 

8 

h 

JJ 

I     8 

o     /      // 

66 

10 

22 

4.32 

+  10  65  48.1 

57 

11 

20 

46.44 

+  3  49  29.3 

58 

11 

18 

20.35 

+  3  40  63.3 

59 

11 

8 

56.87 

+  3  56  29.8 

60 

11 

6 

27.68 

+  41  43.7 

61 

10 

59 

37.69 

-  8  29  45.3 

62 

10 

58 

35.12 

-  8  29  16.2 

63 

10 

59 

10.29 

-  8  34  9.3 

64 

10 

48 

44.34 

-  7  33  57.3 

65 

10 

50 

29.61 

-  7  38  36.3 

66 

10 

53 

17.18 

-  7  20  29.7 

67 

12 

7 

12.58 

+  13  48  19.9 

68 

12 

0 

18.17 

+  14  0  7.2 

69 

12 

o 

44.93 

+  14  2  44.5 

70 

11 

53 

9.06 

+  14  33  51.2 

71 

11 

52 

13.80 

+  15  42  46.5 

72 

11 

54 

2.91 

+  15  47  42.1 

73 

11 

47 

52.49 

+  15  57  59.9 

74 

11 

47 

36.49 

+  16  22  39.6 

75 

13 

0 

30.51 

-  5  42  60.1 

76 

12 

58 

17.19 

-  5  36  44.7 

77 

12 

54 

5.19 

-  5  34  39.5 

78 

12 

58 

17.19 

-  5  36  44.7 

79 

12 

52 

56.56 

-  4  47  47.7 

80 

12 

46 

22.49 

-  4  9  52.8 

81 

12 

42 

40.46 

-  4  9  43.3 

82 

12 

46 

25.11 

-  2  22  59.4 

83 

12 

38 

4.86 

-  1  43  55.6 

84 

12 

39 

3.04 

-  1  27  5.9 

85 

13 

10 

24.08 

-  2  9  0.5 

86 

13 

7 

52.98 

-  1  15  13.9 

87 

13 

0 

18.55 

-  0  39  21.0 

88 

12 

55 

40.28 

-  0  0  59.6 

89 

14  44 

20.86 

-  8  6  31.9 

90 

14 

41 

10.46 

-  7  23  48.9 

91 

14 

34 

19.21 

-  7  8  8.6 

92 

14 

35 

11.90 

-  7  6  39.2 

93 

16 

25 

23.09 

-12  54  27.6 

94 

16 

27 

53.82 

-12  35  49.9 

95 

16 

21 

14.13 

-12  23  19.2 

96 

16 

17 

15.46 

-12  12  11.9 

97 

16 

21 

44.06 

-12  3  28.6 

98 

15 

57 

32.05 

+  7  29  24.1 

99 

15 

59 

38.79 

+  7  38  10.9 

100 

15 

50 

55.31 

+  7  47  14.2 

101 

15 

44 

51.42 

+  7  46  33.0 

102 

15 

42 

11.68 

+  7  43  5.5 

*103 

15 

41 

50.20 

+  7  39  3.3 

104 

16 

28 

48.34 

-  1  44  17.6 

105 

16 

35 

31.81 

-  1  39  21.0 

106 

17 

1 

33.17 

-  9  38  41.8 

107 

16 

56 

13.58 

-  9  36  24.9 

108 

16 

56 

32.07 

-  9  37  56.4 

109 

16 

53 

20.51 

-  9  34  49.5 

110 

16 

31 

17.19 

-14  2  26.1 

Authority 


Leipzig  I,  A.G.  4025 
Albany,  A.G.  4268 
Albany,  A.G.  4259 
Albany,  A.G.  4224 
Albany,  A.G.  4214 
Wien,  A.G.  4184 
Wien,  A.G.  4179 
Wien,  A.G.  4182 
Wien,  A.G.  4129 
Wien,  A.G.  4135 
Wien,  A.G.  4154 
Leipzig  I,  A.G.  1508 
Leipzig  I,  A.G.  4481 
Leipzig  I,  A.G.  4492 
i(Leip.i,4452+Ber.A., 4.573) 
Berlin  A,  A.G.  4568 
Berlin  A,  A.G.  4576 
Berlin  A,  A.G.  4546 
Berlin  A,  A.G.  4544 
Strassburg,  A.G.  Zones 
Strassburg,  A.G.  Zones 
Strassburg,  A.G.  Zones 
Strassburg,  A.G.  Zones 
Strassburg,  A.G.  Zones 
Strassburg,  A.G.  Zones 
Strassburg,  A.G.  Zones 
Nicolajew,  A.G.  3472 
Nicolajew,  A.G.  3450 
Nicolajew,  A.G.  3467 
Nicolajew,  A.G.  3565 
Nicolajew,  A.G.  3544 
Nicolajew,  A.G.  3525 
Nicola'jew,  A.G.  3509 
Wien,  A.G.  5198 
Wien,  A.G.  5182 
Wien,  A.G.  6149 
Wien,  A.G.  5153 
Camb.(U.S.),A.G.Zones 
Camb.{U.S.),A.G.Zones 
Camb.(U.S.),A.G.Zones 
Camb.(U.S.).A.G.Zones 
Camb.(U.S.),A.G.Zones 
Leipzig  II,  A.G.  7165 
Leipzig  II,  A.G.  7179 
Leipzig  II,  A.G.  7128 
Leipzig  II.  A.G.  7093 
Leipzig  II,  A.G.  7086 
Leipzig  II,  A.G.  7083 
Nicolajew,  A.G.  4166 
Nicolajew,  A.G.  4186 
Wien,  A.G.  6846 
Wien,  A.G.  5830 
Wien,  A.G.  5832 
Wien.  A.G.  5821 
Washington,  A.G.  Zones 


Nos.  13,  103,  116,  130,  44,  41.5,  78,  .51,  15,  362,  1905  P.  S.,  192  and  1 17  were  observed  with  the  12-inch  equatorial  with  the  exception  of  those 
observations  marked  with  a  *  which  were  observed  with  the  2G-inch  equatorial  ;  all  the  other  planets  were  observed  with  the  latter  instrument. 

*  Star  No.  103  shows  indication  of  proper  motion. 

Nos.  13,  103,  116,  130,  44,  415,  51,  .362,  1905  P.  S.,  192  and  117  were  found  photographically  by  Mr.  G.  H.  Peteks. 

The  star  places  from  the  Stra.ssburg  and  Cambridge  (U.S.)  A.G.  Zones  were  furnished  through  the  courtesy  of  the  Directors  of  the 
Observatories  at  those  places. 
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N"'-  577-578 


SUNSPOT  OBSEEVATIONS, 

made  at  brrwyn  penn.,  with  a  4j-inch  refractor, 
By  a.  W.  QUIMBY. 
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Airy  always  considered  that  to  find,  analytically,  the 
law  of  linearly  combining  a  series  of  indirect  observation- 
equations  so  that  the  probable  errors  of  the  unknown 
quantities  become  minima,  would  be  a  troublesome  matter.^ 
This,  however,  is  not  the  case ;  for,  since  then  it  has  been 
easily  solved  by  Todhunter,-  and  afterward  by  Glaisher,' 
so  that  we  can  not  now  plan  any  improvement  of  that  solu- 
tion. In  this  paper,  I  shall  describe  another  solution,  of 
the  same  problem,  which  is  the  result  that  a  difficult  course 
of  the  analysis,  to  be  regarded  as  if  it  was  the  cai>6e  of  the 
erroneous  consideration  of  Airy,  has  been  simplified  by  an 
applit^ation  of  some  remarkable  theorems  of  determinants. 

Let 


(1) 


a„x  +  />2_y  +  r„z  + 


be  the  series  of  the  given  observation-equations  in  which 
all  the  observations  are  subject  to  the  same  probable  error;    ! 
and  let  as  confine  our  attention,  for  instance,  to  the  discus- 
sion of  the  value  of  x.     Suppose  that,  if  we  multiply  the   i 
observation-equations  successively  by  w, ,  n,,,  &c.,  and  add 
together,  we  get 

(2)  [««].r  =  [»/] 

(3)  [7i/,]  =  [nc]   =   [«(/]  =  &c.  =  0; 

then  our  present  problem  is  to  find  the  values  of  m,  ,  m„,  &c., 
which  render  the  probable  error  of  the  .r  a  minimum,  that 


1 "  Theory  of  Errors  of  Obsen'ations  "  (Loudon  ;  1861,  1st  edition  ; 
1875,  2d  edition). 

^  "  History  of  the  Theory  of  Probability  "  (Cambriilge  and  London, 
1865). 

^"On  the  Law  of  Facility  of  Errors  of  Obsenations,  and  of  tlie 
method  of  Least-Squares  "  {Royal  Astron.,  Sec.  Vol.  XXXIX,  1872). 


is,   whose  variations    S?;,,  Bii„,  &c.,  satisfy   the    followin 
conditions : 

_  _  [» . 8m]         [m  . S«l 


M 

[ma] 

0  =  [// .  8«]  = 

[c .  8m]  =  &c. 

Xow  let  us  put 

i',,'',,.  .  . 

.  I'.-, 

/•i ,  o„ , .  .  . 

•  '' — 1 

=  A 

b^  S«„  +  i^^j  8»,^.i  +  . 

+  ^'„,8n„ 

=  B 

c„  8n^  +  f^^i  S»„+i  +  . 

■    •    •  +'-,„8m™ 

=  C 

(4) 
(5) 


where 

m  =  the  number  of  the  observation-equations 
/J.  =  the  number  of  the  unknown  quantities  ; 

then  solving  (5)  for  Shj  ,  8n„ ,  .    .    .    .  &n^_^  in  terms  of  B, 
C,   .    .    .    .  and  known  quantities  we  get 


B,  K,  /),, 

C.  c„ ,  i\  , 


■  I'. 


S»i  = 


S«.,=  - 


:jW>.-fJ/:+,8«„+,-H.  .(say) 


=  J/J'8h..-|-J/j'4.i8m„+i-|-.  .  (say) 


and  these  expressions  being  substituted  in  the  equation  (4) 
each  of  the  coefficients  of  8«„,  8m^^.,,  ....  8ji,„  in  that 
equation  mu.st  vanish ;  that  is,  we  must  have 

(H) 
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(6) 


wliere 


Therefore,   from   (3)   and    (6)    we    have   immediately   (for 
instance), 


Hj  X  (constant)    = 


(7) 


0 

1,., 

L       .    . 

■  />^, 

,  h^, 

/'.« 

K+.- 

•   /', 

0 

'■= 

'•3       ,    ■ 

•     '■»-! 

!    'V 

'•m+1 

e.+-j  , 

■   '■. 

^. 

Ml 

^1^"'  ,    ■ 

.  j/j'-i 

,     1 

0 

0      , 

.    0 

K^. 

MU, 

^1/:+:,  ■ 

.  ^/i;T" 

,  0  , 

1 

0      , 

.    0 

0  , 

0 

1    , 

.    0 

0  , 

0 

0      , 

.    0 

K, 

^I'L 

-v;,," ,  • 

.  j/^-i' 

,  0  , 

0 

0      , 

.  1 

which,  from  the  first  column,  subtracting  the  remaining  columns,  multiplied  respectively  by  u„,  «, , 
dividing  by  «,  ,  becomes 


(/„ ,  and 


Tij  X  (constant) 


(8) 


«i  ' 


K,h, 


Mi 


h..,    h. 


i,» 


,  M° 


M'„    ,  3/;„     ,  M'„l'   , 


il/i'-" ,  1  , 

0      , 

.    .    0 

i»/j;7>' ,  0 
0 

1    , 

0      , 

.    .    0 
.    .    0 
.    .    0 

jt^.-i)  ^  0  , 

0      , 

.  .  1 

Now  let  us  suppose  that,  if  we  put 

[a6]  =  [lie}  =  [,»/]  =  &c.  =  0, 

the  second  member  of  (8)  becomes  equal  to  N;  then  de- 
veloping it  we  have 

(9) 

+2:{b,Cfdse,. .  .){M;3q)-\-z{h,c,d.e^ . .  .)(i)/,"ii/;")+. . . 

-2(h,Cjd,ei .  .  .)(M'.31"M',")  -  .  .  . 

where  i,  j,  k,  &c.,  denote  /«  — /x  +  1  variable  numbers  be- 
tween iJL  and  III,  both  inclusive,  satisfying  the  following 
conditions : 

i   <   j   <   k    <   &c. 

Again,  to  simplify  the  development  of  the  equation  (9), 
we  now  propose  to  demonstrate  the  following  theorem  : 


(10) 


(/'<  '•.  <  «4  A)   ,   (^  '•,  d,  ej\)  ,   (/>,  r„  d,  ej\) 

ih  '',  d,  e,,Q  ,  (h,  e,d,  e,f,)  ,  (h,  c,  rf,  e,  /.) 
=  (.'><'-jd,e,f,)(b,c,d,e,f,)'-'" 


where,  for  simplicity,  we  have  written  :i  particular  case 
such  that : 


No.  of  the  columns  or  the  rows  of  the  compound  determi- 
nant =  /(  =  3, 

No.  of  the  order  of  the  determinant  of  every  element  of 
the  compound  determinant  =  /x  —  1  =5, 

though  the  theorem  is  generally  true. 

(I)einonst)-(itiou  of  the  Tlieoreiii)  —  Let  us  suppose  that 
the  following  equation  is  true  : 

(11) 
I  (/'. '-2 '/s  ^4./;)  ,  Q'x'\d,e,f,) 
|(^''.'^3''4./;)  ,   Oh'-jd.eJ.) 

which  is  a  particular  case  of  (10)  when  ji 
this  and  similar  hypotheses  we  have 

-—-— i_— =(i. i'.d^e^_Q(b,  c, d,eJl)+{l>jr,d, ej^(h,  r„ d,  cj,) 
{H'^ct^e,/,)       +^i,^c,d,e,fO(b,r,d,e,A) 

where  B  denotes  the  value  of  the  first  member  of  (10). 

Now  let  us  denote  the  minors  corresponding  to  the  con- 
stituents /ij.  ,(■(.,  rf, ,  &c.,  in  the  determinant  {J>i(\'l^e^f.^ 
respectively  by  B,  C,  I>,  t^c. ;  then  we  have  evidently 

(/'i  '■•>  d,  v., /\)  =  //,  /-■  +  r,C  +  d,  1)  +  c,  K  + ./;.  F 

C'l  'o  d, ,',/,)  =  //,  />  -f  ,-.  ("  +  (/,  J)  +  ,-,  K  +  /;  /'' 

\lu  Cj  d^  6,  /,)  =  hj  /.'  +  r.  C  4-  d^  D  +  !■■  E  +  ,/;  F 


2;  then  by 
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Therefoi-e,  if  we  denote  the  multiples  of  B,  C,  D,  &c.,  in 
E 

respectively  by  (B),  (C),  (D),  &c.,  we  have,  first, 

(/;,  =  I (6,  .,  d,  ?,/:)  /.,  +  (!>,  c,  d,  ej,:)  b,  +  (/.,  r,  d,  e,f,)  hj\B 


(>,f>jh,0  0  0 

c,  0  <\  'a  '"i  '■5 
didjd.d^d^d, 
e,  Bj  e^  63  e^  t\ 


XB  = 


0  0  0  63 1>^  />, 
h,  h.  \  \  h^  \ 

<",  <"!  c»  '3  ("i  ''6 
d^djd^d^dfd^ 

6i  P.i  6}.  ^a  6m  €r 


XB 


=    ('a-  Ojd,  e,/,)  h,  B-  (/>,  cj  d,  ej\)  b,  />'  +  {b,  r^  d,  eJ,)  b,  B 
and  similarly 
(  V)  =  (l>,  c^  d,  ej\)  c,C-  (6,  c  d,  e.J.:)  r, C  +  {b,  c^  d,  «,/,)  c,  C 

(i))  =  (     "     y,D-{     "     )dj>+{     "      )d,D 

{E)={        "         )e,E-{        "         )«,A^+(       "  )e,E 

(F)  =  {     "      )/3F-(      "      )AF+(     "      )./;f 

Therefore  addition  of  these  equations,  remembering  that 
h,  B+c,C  +  d,D+e,E  +  f,F  =  (A,  c,  d,  eJ,) 
b^B  +  c^C  +  d^D  +  e^E  +f^F  =  0 
k^  B  +  c,C+  d^D  +  e^E+frJ'  =  0 

iniinediatelv  gives 


H. 


=   Q>i  0  <^'  <'4.Q  C'l  ''2  '^S  *'4/5) 


which  is  identical  with  (10),  since  in  this  case  we  have 
p  =  3.  Thus  we  have  demonstrated  that  if  the  theorem 
be  true  when  j)  =  -,  it  is  also  true  when  /i  =  3  ;  and  since 
it  is  evident  that  this  reasoning  maj'  be  equally  applied  for 
an  arbitrary  number  of  j)  (and  also  of  /x— 1)  in  the  hypo- 
thetical theorem  (11),  and  when  ^y  =  1  the  equation  (10) 
becomes  the  identical  equation 

'/',  '-2  '^3  fJ,)  =  Q^<  '■,  d,  ej^  ib,  r„  d,  eJ,)" 
we  may  say  that  the  theorem  (10)  is  generally  true   for 
arbitrary  values  of//  and  /a  —  1  where  /x  —  1  ;>:  ;>. 

Now  the  equation  (9)  being  developed  by  the  application 
of  the  above  theorem  we  have  immediately 
(12) 

A.N.  =  {h,,',d,e,..Y+2:{b,c,d,e,.  .)■'+:■  {b,..d,e,.  .y  +  .  . 
+  Z{b.  Cj  d^e^.  .  .f  +  Z{b^  c,  dj  k^  ...)-+... 
^^{b,c.d,e,..  .Y+  ... 

wliich,  by  the  well-known  theorem  of  determinants,  may  be 
transformed  into  the  following  form : 


<13) 


ldh-\    ,    [rfc]    .    [</,/] 


=  />„  (say) 


Now  if  we  substitute 


K 


for 


[«'■] 


,     &c, 


&c. 


in  (9),  the  values  of  M[ ,  M",  .  .  .  JIj ,  M" ,  .  .  .  remaining 
unchanged,  we  get  the  same  value  as  (8) ;  that  is  to  say,  if 
we  substitute  {/>l+E,)  ,  {<~-\-E^)  ,   .  .  .    (i.C; +£"».)  .  .  . 
where 


E,    = 


E,    =  - 


..[«.] 


^,^^  _  _  ^   ^  [^^]q+M^>,  I 


(14) 


for  65  ,  cf  ,  ...  /),  r,  ,  .  .  .  respectively  in  (12)  we  get  the 
same  value  as  A  X  (8)  which,  since  the  equation  (12)  in- 
volves only  the  quantities  of  the  zero  and  the  second  orders 
of  bi,  Cj ,  &c.,  must  have  the  following  form  : 

yl  X  (8)  =  A.?f.  +  terms  of  the  first  order  of  £";,,  E\,  .  .  . 
E^^,  .  .  .;  or,  on  account  of  (13),  we  must  have 


^  X  (8)  = 


=  />»  + 


[bh]  +  E,    ,  \_bc^  +  E,^  ,  [bd]  +  E\, 

[/«■]  +  a;,  ,   [cc]  +  E,    ,  [cd]+E,, 

[bd]  +  E\,  ,  [cd]  +  E^  ,  [dd}  +  E, 

[bej  +  E,,  ,   ['•«]  +  -&'„  ,  [de]  +  E,, 


[i6]  ,  E,,  ,  [W]  , 
[6c]  ,  a;  ,  [ed]  , 
[bd]  ,  E^  ,  [dd]  , 
[J«]  ,  A^„,  [de]  , 


El 

,  [I"-] ,  [bd]  , . . 

El. 

.   [-]  ,[cd^,.. 

E,, 

.  ["/] ,  [dd] ,  ■ . 

a;. 

,   [re]   ,   [de]   ,   .  . 

+  (terras  of  the  first  order  of  Ej,^  ,  E\j  ,  &c.)  ; 

and  this  being  transformed  by  (14)  we  can  easily  arrive  at 
the  result, 

"1  "1 

that  is,  by  (8), 

?i,  X  (constant)  =  '(,  D„  +  //,  IJ.,,,  +  c,  I\.  +  .  .  . 
where 

1Kb  !  A,c  •  "^c.  =  the  minors  corresponding  to  the  constitu- 
ents [fib]  ,  [ac]  ,  &c.,  of  the  determinant 
formed  from  all  of  the  coefficients  of  the 
unknown  quantities  in  the  normal  equa- 
tions. 


100.^)  Aiiyu.<it. 


20 


THE     ASTRONOMICAL     JOURNAL. 


N"-  579 


SUNSPOT   OBSERVATIONS, 

MADE     AT    THE     AMHERST     COLLEGE     OBSERVATORY, 

By  ROBEKT  H.  BAKER. 


1905 

New 

Disapp. 

Reapp. 
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Reapp. 

Total 

Def. 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 
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Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

d    h 
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Apr.  1  0 

_ 

_ 

_ 

- 

_ 

_ 

2 

IS 
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June  8  4 

4 
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- 

- 

2 

3 

5 
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_ 

1 

_ 

_ 

_ 

_ 

2 

11 

3 

8  21 

_ 

_ 

_ 

_ 

_ 

_ 

5 

10 

3 

2  5 

1 

1 

_ 

_ 

1 

1 

3 

12 

3 

9  6 

_ 

_ 

- 

_ 

_ 

- 

5 

10 

5 

3  22 

_ 

2 

_ 

_ 

_ 

_ 

3 

13 

4 

9  21 

_ 

5 

- 

_ 

_ 

- 

5 

16 

4 

12  0 

3 

20 

_ 

_ 

_ 

_ 

4 

22 

3 

12  21 

_ 

5 

1 

4 

_ 

- 

3 

10 

4 

13  21 

_ 

_ 

1 

2 

_ 

_ 

2 

9 

4 

13  21 

1 

2 

_ 

_ 

1 

1 

4 

12 

4 

14  21 

_ 

5 

_ 

_ 

- 

_ 

2 

14 

5 
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_ 

4 

_ 

_ 

_ 

_ 

4 

12 

3 
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_ 

_ 

_ 

_ 

_ 

o 

9 

3 

15  20 

_ 

_ 

_ 

_ 

_ 

_ 

4 

8 

3 

16  21 

_ 

1 

_ 

- 

_ 

o 

10 

2 

18  4 

_ 

_ 

_ 

_ 

_ 

- 

4 

6 

2 

17  5 

_ 

1 

_ 

_ 

- 

_ 

2 

9 

2 

24  7 

1 

16 

_ 

_ 

_ 

- 

2 

17 

3 

17  21 

_ 

_ 

_ 

_ 

_ 

_ 

2 

5 

3 

25  21 

1 

32 

_ 

_ 

_ 

_ 
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Observed  with  6-iiich  Reflector. 


THE  SECULAR  PERTURBATIONS  OF  MARS  FROM  THE  ACTION  OF  MERCURY, 

Bv  ERIC  DOOLITTLE. 

The  results  of  the  compiitatiou  were  as  follows  : 

'de' 


The  elements  adopted  in  the  following  compntation  are 
from  Dr.  G.  W.  Hill's  "New  Thcorij  of  Jupiter  nnd  Saturn" 
pages  192  and  654. 


Man 


,r  =  333  17  51.74 
i  =      1  51     2.24 
Q  =    48  23  54.59 
e  =  0.093  26803 
11  =  689050".784 
log  a  =  0.182  8971 

m  =  1h-3,093,500         1  iii'  = 

Epoch  1S50.0,  G.M.T 


Mereitri/. 

,r'  =     75°    7  13'!62 
/'  =70     7.71 

0,1  =    46  33     8.63 
ej  =  0.205  60476 
n'  =  5381016".260 
log«'  =  9.587  8217 

m'  =  1-^7,500,000 


The  values  of  the  preliminary  constants  were  as  follows  : 


/=      5     9  10.165 

77  =  287  24  19.31 

77'  =    29  13  54.31 

K  =  258  16  20.56 

A''=  258     4  28.68 


log  k    =    ;j9.999  5819 
log  k'  =    ^^9.998  6621 
log  C  =    ;^7.801  7097 
C  =  +0.006  334  4618 


-0.000  335  67000 


r-i= 

r^l  =  +0.0061841007 


dt } 
\djr\ 


L<^*Joo 


+  0.006  1918174 
000  074  481672 


p/ni  ^  +0.014  794  833 
L«Uoo 

dL~\  _ 

(It  Joo~ 


+  0.194  017  85 


In  obtaining  the  above,  the  value  in'  =  1-4-7,500,000  was 
employed.  If  the  mass  of  Mercury  is  left  indefinite,  the 
following  values  result : 


Dr.  G.  W.  Hill's  first  modifit^ation  of  Gauss"s  method 
was  employed,  the  orbit  of  Marx  being  divided  into  twelve 
parts  with  regard  to  the  eccentric  anomaly.  After  com- 
pleting the  work,  it  was  duplicated  from  the  beginning,  the 
form  of  the  equations  being  changed  whenever  this  was 
possible,  and  all  known  tests  were  applied.  The  equation 
arising  from  the  constancy  of  the  major  axis, 


sin  (f  .  ^  R["  +  cos  (ji .  J5J|''' 

was  found  to  give  the  residual, 

+  0.000  000  008. 


0, 


[-1  = 

L  ''■t  Joo 
(Jt  Joo 


log  eoeff. 
^>3.400  9738 


L  dt  Joo 


+         2517.5251 

+     46380.761       m'  y>4.666  33785 

+     46438.628      niJ  ;;4.666  8794 

+         558.61256  w'  ^^2.7471107 

'  ;/5.0451714 

+  1455134.1  w'  /;6.162  9030 


^  I  =  +    110961.28 
dt  loo 
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The  values  obtained  by  LeVerrier  are  in  the  "  Annales 
de  rObserratoirc  de  Paris,"  Vol.  II,  page  59,  and  Vol.  VI, 
page  189 ;  those  of  Newcomb  are  in  the  ''  Secu/ar  Vari- 
ations of  the  Orhits  of  the  Four  Inner  Planetn,"  pages  336 
and  378.  If  these  results  are  reduced  to  the  above  value 
of  m',  they  will  compare  with  those  here  obtained  as 
follows  : 

'iV(C  Flower  Observatory,  1905  Sept.  10. 


LeVebrier 

+  0.00036 


Newcomb        Method  of  Gauss 
+  0.00033         +0.0003357 


+  0.00058  +0.00057  +0.000  5775 
+  0.00008  +0.00007  +0.000  0745 
+  0.00047  +0.00048  +0.000  4778 


RELATION    OF    THE    TRUE    ANOMALIES    m    A    PARABOLA    AND    A    YERY 
ECCENTRIC   ELLIPSE   HAYING   THE   SAME    PERIHELION   DISTANCE, 

Bv  A.  HALL. 


When  it  was  found  that  some  of  the  comets  move  in 
very  eccentric  ellipses,  and  it  was  difficult  to  compute  the 
true  anomaly  with  accuracy,  the  plan  was  adopted  of  pass- 
ing from  the  anomaly  in  a  parabola  of  the  same  perihelion 
distance  to  the  anomaly  in  the  ellipse.  Thomas  Simpsoj^, 
the  English  mathematician,  investigated  this  question  in 
1757,  and  published  tables  giving  the  first  term  of  the  re- 
duction. About  a  century  ago  Bessel  gave  the  coefficients  of 
this  reduction  to  the  third  power  of  the  quantity  1  — e,  «  being 
the  eccentricity  of  the  elli  pse,  and  computed  tables  for  the  first 
two  powers  of  1  —  e.  These  serve  very  well  so  long  as  1  —  e  is 
less  than  0.03,  but  leave  some  uncertainty.  This  question 
was  completely  solved  by  Gauss,  2'heoria  Motus,  §§36-46, 
and  this  is  the  only  exact  solution.  However,  the  solution 
by  sei'ies  is  shorter,  and  in  his  Astronomical  Notices  BrGn- 
Now  has  given  formulas  and  tables  for  this  reduction  in 

1— e 
powers  of  :r-T— •     This  makes  his  series  more  convergent 

1  +  e 
than  Bessel's,  and  by  the  introduction  of  an  auxiliary  angle 
Brunnow's  coefficients  are  less  complicated  than  Bessel's. 
But  it  is  curious  that  Simpson's  direct  method  has  not  been 
carried  out.  Perhaps  the  complication  of  the  coefficients 
has  prevented  this.  Let  us  see  how  this  solution  will 
proceed. 

If  q  be  the  perihelion  distance  the  semi-parameter  in  the 
parabola  is  2q.     If /<  be  the  semi-parameter  in  the  ellipse. 


l+£ 


Let  V  and  iv  be  the  true  anomalies  in  the  ellipse  and  para- 
bola, the  radii  vectores  are 


1+e  cos  V 


P 


•Zq 


1  +  cos  //•  1  +  cos  XV 


h 


fr-dv     :      fr-div 


p'^ .  do 


(1+p  cos  (') 
and  we  have 

l  +  e)K  ill 


r      (l  +  c)'.(/r  /'       Miv 

J   (l+(!  cos  r)- .  V2      ~      J  (l+C0S?f)2 

On  the  right  side  we  can  write 
'Idiv  div  d .  tan  ^  w 


(1+cos?/')^        2cos^«'* 

and  the  integral  is 

tan  I  w  +  ^  tan  ^  v^ 
If  we  notice  that  cos  v 


cos  ^  tv'^ 

=  (l+tan^M'^)  .  fZtan-Ji 

from   w  =  0,  to  w  =  w 
=  cos  I"  v'-  —  sin-^  V-,    we  have 


Put 


1  +  (^  cos  ( 

1- 


(1  +e)  cos  ^  V'  +  (1  -—e)  sin  i  r'-^ 


1  + 
on  the  left  side  is 


n,  so  that  l  +  «  =   -— —  ,  and  the  integral 
1  +  e 


.f, 


(l+e)'.dv 


Vl+«' 


(1  +  «  tan  i  v'Y  .  (1  +  ey  .  ^2  .  cos  ^  c* 
( 1  +  tan  ^  (•-)  .  d  tan  ^  c 


1)V  tlie  hiw  of  areas. 


(1  +  a  tan^c-)^ 

Expand  the  denominator  by  the  binomial  theorem,  multi- 
ply the  series  by  (1  +tan  ^  v'^)  .  d  tan  ^  r,  and  integrate  from 
0  to  V.     If  we  put  6  =  tan  |  v,  tlie  result  is 

+  1-61'  (3u--ia^)  -  I  e''  (-In'-Sa^)  + | 

This  is  the  symmetrical  series  given  by  Gauss,  and  it 
can  be  continued  at  ])leasure. 
Multii)ly  this  series  by 

(1  +«)'  =  1  +  i  '<  -  ^  «-  "^  tV  «'-■•■• 
arrange  in  powers  of  «,  and  put  ii  =  tan  ^  ir.     We  have 
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«+   - 


8       8 


?«H?. 


+ 


(6        5 


'+ 


;o 


=     II   -\-  n  ■" 


Write  tins  equation  in  the  form: 

A  +  Ba  +  Ca-  +  Da"  =  A„ 
where  A.  is  the  value  of  A  wlien  a  =  0,  or  6  =  u. 


14  9 

I   sider  these  coefficients  as   functions    of   ic   plus    a    small 
increment  /(,  or  of  the  form /(;/'  + A),  and  expand  by  Tat- 
Con-   !   lor's  theorem.     Then 


dA        h-     d:'A 
■  dw  +1.2'  da-"  "•"  1 

.2.3' 

H-+-S+0- 

d'B 

-(-+"■^-1^ 

d-C 

dw^  + 

H^-'-s--; 

.a" 

d'A 
d^- 


,+•  • 


=  0 


Assume 


h  =    aa  +  hi 
+ 
+ 


■-  +  ra^  + 
dA 
dw 
dA 


and  substitute  in  the  preceding  equation,  omitting  powers 
of  a  higher  than  a".     In  this  way  we  have 


+  /:?.«+/,. 


dA 

die 


+  . 


dw 
dB 
div'  '         du! 
As  this  is  an  identical  equation  the  coefficients  of  a  are 
each  zero,  and  hence 


d-'A  dB      ^ 

+  ,,.—  +  C 


,  dU  rt' 
,  +al>.  .,+  rr 
dw  dw-      o 


dw 
2   ■  Jw"- 


aP-    d'B 

+  o    -7^2  + 


+  ^ 


=  0 


(1) 


dA 
dw 
dA 
dw 


=  B 


d'A  dB      ^ 

~-  +  a.-j-+  C 


dA 
.  -;—  =  ab 
dw 


d^'A 
div^ 


dw 
a'd'A      ,     dB 


6  div' 


die 


dW 


+  " 


dC 
dw 


+D 


These  equations  solve  the  problem,  since  we  can  express 
'(,  b  and  c  in  terms  of  u.  Here  I  think  the  analytical  work 
should  stop,  and  the  numerical  work  should  begin.  We 
have  six  differential  coefficients  to  compute.     Putting 

6  =  II  =  tan  i  w 
we  have 


dA 
da- 
dU 
dw'- 
iFA 
dw" 
dB_ 
dw 
d-B 
dvr 
dC 
dw 


(]  -ru'f 


a{\-iruY 


(1  +  u^) 


(1- 


-Au*) 


=   -  iH(l  +  u-).  {l-\-7ir-h6ii*) 

=   (1  +  H-)  .  (  -  ,',;  -  ,9^  ii--\-a*-\-^  H«) 


As  an  example  I  take  Halley's  comet,  due  five  years 
hence.     We  have 
1005  Novemhcr  1. 


e  =  0.96764567 
log  q  =  9.7656500 
log«  =  8.2159855 

Take  t  =  200.4046  days,  Barker's  tables  give 

w  =  130°  9'  41".78 

log  M  =  0.3329284 
From  these  data  I  find 

„H  =  4-4786"53 

ba^  =  +     77.51 

ru"  =  +       1.37 
and  for  v, 

ir  =       130     9  4l".78 

+      1   19  46.53 

+  1  17.51 

+ 1^ 

V  =       131  30  47.19 

Simpson's  tables  give      131  28  48. 
Bessel's         "         "        131  30  41.94 
Brunnow's    "        "        131  30  47.16 

By  Gauss'  method  the  exact  value  is 

V  =  131°  30'  47".18 

For  computing  tables  we  could  use  equations  (1),  and 
first  compute  a  for  the  whole  range  from  0°  to  160°.  For 
this  work  five-figure  logarithms  would  answer  to  35°;  then 
six  figures  to  85°,  and  for  the  rest  seven  figures.  For  h  five- 
figure  logarithms  will  be  enough  to  100°,  and  for  the  rest 
six  figures.  For  <•  four  figures  will  suffice  to  135°,  and  five 
for  the  rest. 
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OBSERVATIONS   OF   SUNSPOTS, 

MADE    AT    BOSTON    UNIVEUSITY    WITH    A    5-INCU    UEFKACTOK, 

By   a.    H.    AVERY,    C.    S.   RICKEY   and   W.    T.   WILLIAMS. 
Definition,  poor,  fair,  good,  excellent. 


1904 

Hour 

Total 

Def. 

Obs. 

190-1-5 

Hour 

Total 

Def. 

Obs. 

1905 

Hour 

Total 

Def. 

Obs. 

Gps. 

Spots 

Gps. 

Spots 

Gps. 

Spots 

Oct.   5 

1 

2 

23 

F 

W 

Dec.  29 

o 

2 

10 

P 

A 

Mar.  18 

11 

2 

8 

F 

A 

6 

3 

4 

36 

G 

A 

,005   30 

12 

2 

21 

P 

A 

22 

3 

3 

23 

G 

W 

7 

12 

4 

24 

F 

W 

Jan.  4 

2 

1 

2 

P 

R 

23 

12 

5 

16 

F 

A 

10 

4 

4 

18 

P 

A 

T) 

1 

2 

4 

P 

W 

27 

10 

3 

11 

F 

R 

14 

2 

4 

18 

V 

A 

9 

10 

5 

25 

F 

w 

28 

10 

o 

27 

F 

W 

15 

3 

5 

10 

F 

A 

10 

12 

4 

17 

F 

w 

29 

11 

4 

36 

F 

A 

17 

9 

4 

12 

G 

W 

11 

12 

5 

31 

F 

A 

30 

2 

2 

14 

P 

A 

18 

2 

4 

9 

F 

W 

13 

12 

5 

39 

F 

w 

31 

9 

2 

34 

G 

W 

20 

1 

5 

22 

P 

W 

14 

11 

6 

26 

F 

A 

31 

3 

2 

28 

G 

A 

22 

3 

2 

15 

F 

A 

14 

2 

4 

15 

G 

R 

Apr.  1 

10 

O 

23 

P 

A 

24 

10 

4 

12 

F 

R 

16 

2 

5 

20 

F 

A 

3 

3 

3 

21 

F 

W 

24 

4 

3 

17 

P 

A 

17 

1 

5 

31 

G 

A 

7 

9 

2 

11 

G 

W 

25 

11 

4 

34 

G 

W 

18 

2 

4 

23 

G 

R 

8 

11 

o 

9 

F 

A 

27 

11 

4 

54 

F 

W 

20 

2 

4 

21 

F 

R 

10 

4 

3 

9 

G 

R 

28 

12 

4 

33 

P 

w 

23 

1 

2 

16 

F 

A 

12 

4 

5 

22 

F 

A 

29 

11 

3 

22 

P 

A 

24 

12 

3 

9 

P 

A 

14 

9 

3 

27 

F 

W 

31 

10 

3 

15 

F 

R 

26 

2 

2 

4 

F 

R 

15 

11 

3 

30 

G 

A 

Nov.  1 

2 

5 

11 

F 

R 

27 

2 

o 

8 

P 

R 

17 

10 

4 

7 

F 

R 

2 

10 

2 

6 

P 

A 

31 

12 

1 

- 

P 

R 

17 

3 

3 

6 

G 

W 

7 

11 

3 

4 

F 

W 

Feb.   1 

10 

1 

20 

F 

R 

IS 

10 

5 

10 

F 

R 

8 

11 

2 

8 

G 

W 

2 

12 

2 

69 

G 

W 

20 

10 

1 

1 

P 

A 

10 

11 

2 

3 

F 

W 

3 

12 

3 

67 

G 

W 

26 

12 

3 

25 

P 

A 

12 

11 

3 

7 

G 

A 

8 

12 

6 

64 

G 

W 

27 

2 

3 

24 

P 

R 

15 

11 

2 

13 

G 

W 

10 

1 

7 

62 

G 

w 

29 

11 

1 

10 

P 

A 

17 

11 

4 

15 

F 

W 

11 

12 

6 

47 

F 

R 

May  1 

3 

2 

6 

G 

W 

18 

2 

5 

11 

F 

A 

14 

3 

5 

35 

F 

A 

2 

10 

1 

7 

F 

R 

19 

11 

6 

16 

G 

A 

15 

12 

2 

19 

P 

W 

r> 

3 

o 

14 

F 

A 

22 

11 

4 

23 

G 

W 

16 

10 

4 

14 

F 

R 

3 

9 

2 

27 

G 

^v 

2.3 

10 

4 

23 

F 

W 

16 

3 

5 

27 

F 

A 

3 

2 

2 

15 

F 

R 

25 

10 

5 

36 

G 

w 

18 

2 

5 

16 

F 

R 

4 

1 

2 

18 

F 

A 

26 

10 

4 

30 

G 

R 

21 

11 

4 

21 

F 

W 

5 

12 

1 

13 

F 

A 

28 

11 

3 

26 

P 

W 

23 

8 

4 

9 

F 

R 

6 

11 

1 

13 

F 

A 

Dec.   1 

11 

3 

9 

F 

W 

24 

10 

2 

8 

P 

R 

8 

9 

4 

36 

G 

W 

1 

2 

3 

13 

F 

A 

25 

12 

3 

12 

P 

E 

8 

3 

4 

33 

F 

A 

2 

12 

2 

10 

P 

W 

28 

3 

2 

31 

G 

W 

9 

11 

4 

48 

G 

W 

5 

10 

2 

5 

P 

R 

Mar.  1 

12 

;; 

44 

G 

W 

9 

1 

4 

37 

G 

A 

6 

11 

3 

19 

G 

W 

o 

3 

3 

50 

G 

w 

10 

9 

4 

31 

F 

W 

7 

12 

2 

30 

F 

R 

;j 

10 

3 

48 

P 

w 

10 

1 

5 

33 

G 

A 

9 

2 

2 

46 

G 

A 

4 

10 

4 

49 

P 

R 

11 

10 

6 

22 

F 

R 

12 

8 

3 

9 

F 

R 

6 

10 

3 

38 

F 

R 

11 

3 

(; 

29 

F 

A 

14 

10 

5 

42 

P 

A 

7 

12 

2 

35 

F 

W 

12 

3 

5 

26 

F 

A 

15 

11 

4 

28 

P 

W 

9 

10 

3 

35 

F 

R 

18 

1 

4 

44 

F 

A 

16 

1 

5 

64 

F 

W 

11 

12 

1 

7 

F 

R 

19 

9 

3 

29 

E 

W 

17 

12 

3 

21 

P 

R 

13 

8 

1 

4 

F 

R 

19 

3 

4 

23 

G 

A 

20 

11 

3 

19 

G 

W 

13 

2 

1 

3 

G 

W 

22 

3 

1 

3 

G 

W 

20 

3 

4 

15 

F 

A 

14 

8 

1 

1 

F 

R 

23 

8 

0 

0 

P 

R 

21 

11 

3 

12 

F 

A 

15 

12 

2 

5 

G 

W 

24 

2 

0 

0 

F 

R 

22 

11 

3 

7 

F 

W 

16 

8 

1 

8 

F 

R 

25 

10 

0 

0 

P 

R 

23 

12 

0 

0 

P 

R 

17 

12 

2 

9 

F 

W 

26 

10 

2 

7 

P 

R 

28 

2 

1 

2 

P 

R 
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OBSERVATIONS   OF   THE   FIFTH  SATELLITE   OF   JUPITER, 

MADE    WITH    THE   40-INCU    KEFRACTOU   IN   1903   AND   1904, 

Bv  E.  E.  BARNARD. 


The  following  measures  of  the  Fifth  Satellite  of  Jupiter 
have  been  made  with  the  40-inch  refractor  in  the  past  two 
oppositions  of  the  planet. 

Though  Jupiter  has  been  getting  into  better  position  for 
observation,  the  measures  in  nearly  every  case  have  been 
made  with  great  difficulty.  This  has  been  due  to  poor  see- 
ing. The  satellite  has  been  seen  well  only  on  one  occasion — 
1903  August  31  — when  it  was  extremely  easy  to  observe 
with  seeing  4  on  a  scale  of  5. 

In  the  past  opposition  close  attention  has  been  paid  to 
measures  from  the  polar  limbs  of  Jupiter.  The  inclination 
of  the  orbit  of  the  satellite  seems  to  be  the  least  accurately 
determined  of  the  elements,  and  these  measures  were  made 
to  remedy  this  defect. 

Miss  E.  E.  Dobbin,  whose  work  on  the  orbit  of  this 
satellite  appeared  in  A.J.  562,  intends  to  take  up  the  mat- 
ter of  the  inclination  as  soon  as  sufficient  observations 
have  been  secured. 

The  latitude  measures  were  obtained  by  placing  the 
wires  perfectly  parallel  to  the  belts  of  Jupiter,  and  the 
measures  were  made  from  both  limbs  of  the  planet.  There 
is  a  discordance  sometimes  of  a  degree  or  two  in  these  set- 
tings which  would  seriously  affect  the  measures.  The 
position-angles  of  the  wires  at  each  of  these  measures  have 
been  collected  in  tabular  form,  and  with  these  data  the 
measures  can  accurately  be  reduced  to  the  known  position 
of  the  equator  of  Jupiter. 

For  a  new  determination  of  the  position  of  the  Jovian 
equator  a  series  of  measures  of  the  position-angle  of  the 
belts  of  the  planet  was  made  both  in  1903  and  1904.  These 
measures,  combined  with  those  previously  made  by  me, 
ought  to  give  a  good  value  for  this  quantity. 

When  the  opportunity  has  offered  in  the  past  ojjposition 
for  a  comparison  of  the  Fifth  Satellite  with  some  of  the 
older  satellites,  careful  measures  have  been  made. 


The  apparent  semi-diameter  of  Jupiter  used  in  the 
reduction  of  the  measures  to  the  center  of  the  planet,  have 
been  computed  from  my  measures  of  the  planet's  equa- 
torial and  polar  diameters  published  in  A.J.  325,  and  are 
collected  in  tabular  form  for  easy  reference. 

A  few  determinations  of  the  elongation  times  of  the 
satellite  have  been  made  by  plotting  the  measures,  and 
drawing  a  curve  through  them.  The  observations  have  not 
been  such  as  would  give  the  best  values  for  the  elongation 
times. 

During  the  observations  of  the  satellite  the  great  Red 
Spot  was  seen  a  number  of  times.  Want  of  time  prevented 
as  careful  observations  of  it  as  I  should  have  wished,  but 
several  transits  were  observed,  and  I  think  they  are  fairly 
good,  though  more  time  and  care  would  have  been  desirable 
in  the  observations. 

In  the  measures  of  the  satellite  I  have  referred  it  to  the 
near  and  distant  limbs  of  the  planet  as  much  as  possible. 
It  is,  however,  more  difficult  to  measure  from  the  distant 
limb  unless  the  seeing  is  very  good.  The  shorter  distances 
will  be  more  accurate. 

In  the  tables  of  measures  that  follow,  the  first  column 
contains  the  date;  the  second  the  Central  Standard  Time 
(6''  0™  slow  of  Greenwich  Mean  Time)  of  the  observation. 
The  third  column  contains  the  distance  from  the  limb,  cor- 
rected when  necessary  for  phase.  The  fourth  column  is 
the  resulting  distance  from  the  center  of  Jupiter;  and  the 
fifth  column  gives  the  number  of  comparisons. 

In  all  cases  the  satellite  has  been  following  the  planet, 
with  the  exception  of  the  observations  of  1903  Oct.  13,  and 
the  second  set  of  measures  on  Oct.  26  of  the  same  year,  at 
which  times  it  was  preceding. 

In  all  the  measures  of  this  satellite  that  have  been 
made  with  the  40-inch,  a*power  of  460  diameters  has  been 
used. 

(25) 
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Measures 

m  1903. 

Central 

From 

From 

Central 

From 

From 

1903 

Stand.  Time 

limb 

center    Comp. 

1903      Stand.  Time 

limb 

center     Comp. 

July  21 

13"    A3' 

27"l9 

5o!33 

3 

From  fol.  limb 

Aug.   17      ll'52'"20' 

35"70 

60*41 

3 

13    7    3 

28.15 

51.30 

3 

11  54  39 

35.89 

60.59 

3 

13  16  31 

30.04 

53.18 

3 

11  57  26 

35.10 

59.81 

3 

13  25  10 

32.47 

55.61 

3 

12    0  28 

34.69 

59.39 

3 

13  33  10 

33.23 

56.37 

3 

12    4  23 

34.28 

58.98 

3 

13  36  38 

33.69 

56.84 

3 

12    6  40 

33.82 

58.52 

3 

13  40  22 

33.98 

57.13 

3 

12    9  36 

33.51 

58.21 

3 

13  44  39 

33.92 

57.06 

3 

12  13    0 

33.20 

55.90 

3 

13  49  30 

33.93 

57.07 

3 

12  16  16 

32.46 

57.16 

3 

13  52  20 

34.27 

57.42 

3 

12  21  55 

31.41 

56.11 

4 

13  00  21 

34.64 

57.78 

3 

24     10  58  36 

36.11 

61.05 

4 

13  58  25 

34.79 

57.93 

3 

11    8    5 

36.46 

61.36 

2 

14    1  40 

34.97 

58.11 

3 

11  20  23 

35.19 

60.13 

3 

14    4  25 

34.74 

57  88 

3 

11  25    8 

34.67 

59.61 

3 

14    6  50 

34.21 

57.35 

3 

11  32  19 

33.97 

58.91 

3 

14    9  35 

34.45 

57.59 

3 

11  42  23 

31.27 

56.21 

6 

14  12  36 

34.26 

57.41 

3 

31       9  34  36 

34.14 

59.30 

3 

14  16  13 

33.65 

56.79 

3 

9  36  57 

34.83 

59.99 

3 

14  19  10 

33.78 

56.92 

3 

9  39  15 

34.88 

60.04 

3 

14  21  54 

32.96 

56.10 

3 

9  41  38 

35.23 

60.39 

3 

14  24  32 

33.05 

56.20 

3 

9  44    1 

35.73 

60.89 

3 

14  26  47 

33.02  ■ 

56.16 

3 

9  46  17 

30.23 

61 .40 

3 

14  30  39 

32.63 

55.77 

3 

9  48  49 

36.41 

61.57 

3 

14  33  43 

31.84 

54.98 

3 

9  50  17 

36.29 

61.45 

2 

1437    8 

31.08 

54.23 

3 

9  52  26 

86.62 

61.46 

4       From  pr.  limb 

14  40  28 

30.71 

53.85 

3 

9  54  52 

87.53 

62.37 

3 

14  43  31 

30.44 

53.58 

3 

9  57  12 

37.29 

62.45 

3       From  fol.  limb 

14  46  43 

29.36 

52.51 

2 

9  59  46 
10    1  31 

37.36 
37.30 

62.52 
62.46 

3 
3 

Aug.  11 

1143  44 

34.98 

59.41 

3 

From  fol.  limb 

10    3  20 

37.30 

62.46 

3 

11  47  31 

34.79 

59.21 

3 

10    4  57 

37.64 

62.81 

3 

11  50  44 

36.03 

60.45 

3 

10    6  49 

37.65 

62.82 

3 

11  53  46 

36.09 

60.51 

3 

10    9    4 

37.69 

62.85 

3 

11  66  56 

35.76 

60.18 

3 

10  11  31 

37.83 

62.98 

3 

12    0  14 

36.41 

60.83 

3 

10  13  17 

37.79 

62.95 

3 

12    4    3 

36.02 

60.44 

3 

10  15  29 

37.78 

62.94 

4 

12    8    6 

36.30 

60.72 

0 

10  17  52 

88.20 

63.04 

3      From  \iv.  limb 

17 

10  51  31 

33.38 

58.08 

3 

10  20  32 

87.65 

62.49 

3 

10  55  23 

33.24 

58.04 

3 

10  21  59 

87.83 

62.67 

0 

10  58  23 

33.81 

58.51 

3 

10  24  11 

37.60 

62.76 

3       From  fol.  limb 

11    0  56 

34.27 

58.97 

3 

10  26  36 

37.65 

62.81 

3 

11    3  16 

34.57 

59.27 

3 

10  28  36 

37.39 

62.56 

3 

11    5  43 

35.50 

60.20 

3 

10  30  47 

37.12 

62.28 

3 

11    8  25 

35.04 

59.74 

3 

10  33  12 

36.80 

61.96 

3 

11  11  32 

35.58 

60.28 

3 

10  34  51 

36.38 

61.54 

3 

11  13  48 

36.09 

60.79 

3 

10  36  26 

36.42 

61.59 

3 

11  16    3 

35.99 

60.69 

3 

10  38  22 

36.30 

61.46 

3 

11  18  12 

36.18 

60.88 

3 

10  41  14 

35.66 

60.82 

3 

11  20  26 

36.55 

61.25 

3 

10  43  21 

86.26 

61.10 

3       From  pr.  limb 

11  22  35 

36.48 

61.18 

3 

10  46    1 

85.78 

60.62 

4 

11  24  34 

36.19 

60.89 

3 

10  48  28 

34.30 

59.46 

3       From  fol.  limb 

11  26  43 

36.87 

61.57 

3 

10  49  59 

34.28 

59.44 

2 

11  28  57 

37.27 

61.97 

3 

10  51  34 

34.18 

59.34 

3 

11  31  45 

37.34 

62.04 

3 

10  53  17 

33.77 

58.93 

2 

1 1  34  25 

36.71 

61.41 

3 

From  south  limb. 

11  37    6 
11  39  54 
11  42  40 

36.45 
36.69 
36.90 

61.15 
61.39 
61.60 

3 
3 
3 

Aug.  31     10  56  47 
10  58  32 

22.29 
22.96 

-1.30 
-0.62 

3 

2 

11  45    5 

36.04 

60.74 

3 

From  nortli  limb. 

11  47  44 

56.43 

61.13 

3 

Aug.  31     11    0  40 

25.48 

—  i.sy 

3 

11  50  21 

36.13 

60.83 

3 

11     2  39 

25.46 

-1.87 

2 
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Central 

From 

Krom 

Central 

From 

From 

1903      Stand.  Time 

limb 

center 

Comp 

1903 

Stand.  Time 

limb 

center 

Comp 

Sept.     1       9  46'29' 

36^51 

6l''.67 

4 

From  fol 

limb 

Sept 

02 

7'58"37° 

37^86 

63''.01 

4 

From  fol.  limb 

9  52  43 

.36.82 

61.99 

3 

8    6  55 

37.88 

63.03 

4 

9  58  12 

37.81 

62.98 

3 

8  10  39 

37.72 

62.87 

3 

10    0  58 

37.84 

63.01 

3 

8  13  58 

37.36 

62.51 

4 

10    4  19 

37.64 

(;2.S0 

4 

8  18    9 

37.36 

62.50 

4 

10    8  20 

37.26 

62.43 

2 

8  22    3 

37.65 

62.70 

4 

10  10  20 

37.48 

62.65 

3 

8  26    3 

36.87 

62.02 

5 

10  15  28 

37.51 

62.68 

3 

8  30  59 

36.91 

62.06 

3 

10  17  35 

37.61 

62.77 

3 

8  40  22 

35.30 

60.45 

3 

10  19  52 

37.25 

62.42 

3 

28 

8  43  40 

27.59 

52.58 

4 

10  22  20 

37.45 

62.62 

3 

8  47  19 

27.50 

52.47 

4 

10  25    3 

37.17 

62.34 

3 

851    1 

26.00 

51.00 

3 

10  27  23 

37.10 

62.27 

3 

8  54  47 

24.72 

49.71 

4 

10  29  45 

36.23 

61.39 

3 

9    132 

22.21 

47.11 

4 

21       7  58  46 

37.25 

62.41 

3 

From  fol 

limb 

8    0  48 

36.98 

62.14 

3 

Oct. 

13 

11  58  58 

35.30 

59.62 

4 

From  pr.  limb 

8    3  16 

37.32 

62.47 

3 

12    3    5 

35.46 

59.79 

3 

Satellite  pre- 

8   5  14 

37.45 

62.61 

3 

12    5  36 

35.78 

60.10 

3 

cedes  planet 

8    7  28 

37.72 

62.88 

3 

12    741 

36.29 

60.62 

3 

8    9  53 

88.27 

63.16 

3 

From  pr. 

limb 

12  10  55 

35.73 

60.06 

3 

.       8  13  33 

88.35 

63.20 

3 

12  14  39 

35.56 

59.88 

3 

8  16  42 

38.26 

63.41 

3 

From  fol 

limb 

12  17  54 

36.65 

60.97 

3 

8  19  19 

38.08 

63.24 

3 

12  21    1 

35.88 

60.20 

4 

8  21  47 

37.41 

62.57 

3 

12  28  31 

35.71 

60.04 

4 

8  24  23 

37.59 

62.74 

3 

Oet. 

20 

6  32    8 

29.41 

53.34 

3 

8  26  55 

37.73 

62.89 

3 

6  35    1 

29.03 

52.96 

3 

8  29  18 

37.42 

62.57 

3 

6  37  43 

28.46 

52.39 

3 

8  32    1 

37.53 

62.69 

3 

6  39  33 

27.89 

51.82 

2 

8  34  33 

37.22 

62.38 

3 

6  41  21 

27.58 

51.51 

3 

8  37  29 

36.86 

62.02 

3 

8  40  53 

36.40 

61.56 

3 

Measures  from  south  limb. 

8  42  58 

36.52 

61.67 

3 

Oct. 

20 

6  46  45 

22.41 

-0.02 

4 

8  44  58 

86.84 

61.69 

3 

From  pr. 

limb 

Measures  from  north 

imb. 

8  47  36 

86.23 

61.07 

3 

Oct. 

20 

6  51  35 

23.38 

-0.95 

7 

8  50    3 

85.59 

60.42 

O 

8  52  33 

35.03 

■  60.18 

3 

From  fol. 

limb 

Oct. 

26 

6  45  14 

15.45 

39.00 

3 

From  fol.  limb 

8  55  51 

34.08 

59.24 

3 

6  48  12 

15.00 

38.55 

3 

Satellite  fol.  the 

8  58  23 

34.02 

59.18 

3 

6  50  17 

14.01 

37.55 

3 

plauet 

9    0  36 

33.57 

58.72 

- 

6  52    9 

12.92 

36.47 

2 

Sept.  21 


Sept.  21 


Measiu-es  from  south  limb. 


9    5  46 

22.72 

-0.86 

3 

9    8    5 

22.93 

-0.66 

4 

Measures  from  north  limb. 

9  1136  24.S5  -1.27  3 
9  14  1  24.74  -I.IC  3 
9  17  26       24.63     -1.04      4 


Measures  from  south  limb. 


Sept.  21       9  20  28      22.49     -1.09 
9  23  41       21.71     -1.87 

Satellite  preceding 
Sept.  21     14    8  23      36.23      61.39 


14  14  50      37.80 
14  17  32      38.20 


62.96 
63.35 


3       With  pr.  limb 


Oct.    26 
Oct.    26 


Measures  from  north  limb. 
6  58    6      23.38     -1.60      3 


10  41  36 

33.47 

57.01 

3 

From  pr.  limb 

10  44  36 

33.81 

57.35 

3 

Satellite  pre- 

10 46  49 

34.50 

58.05 

3 

cedes  planet 

10  48  52 

33.94 

57.48 

3 

10  50  24 

34.13 

57.67 

2 

10  52    5 

33.86 

57.40 

3 

10  54    2 

34.68 

58.22 

3 

10  56    4 

34.71 

58.25 

3 

10  58  39 

34.88 

58.42 

3 

]1    0  29 

34.94 

58.48 

3 

11    5  32 

34.84 

58.39 

3 

11    8  30 

34.69 

58.23 

4 

11  10  44 

34.79 

58.33 

3 

11  13    6 

35.04 

58.58 

3 

11  17  29 

34.57 

58.12 

3 

11  21  21 

34.00 

57.63 

3 

11  25  16 

34.56 

58.11 

3 

11  29  39 

33.88 

57.42 

3 
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Measures  in  1904 

Central 

From 

From 

Central 

From 

From 

1904 

Stand.  Time 

limb 

center 

Comp 

1904 

Stand.  Time 

limb 

center 

Comp 

Aug. 

22 

h 

15 

7  11 

24^12 

47^03 

3 

From  fol. 

limb 

Measures  from  south  limb. 

h       m      8               "                      n 

15 

15  12 

25.80 

48.60 

4 

Sept. 

3 

14  14  40 

26.97 

+  3.76 

3 

15 

22  3S 

73.55 

50.65 

- 

From  pr. 

limb 

14  17  50 

25.15 

+  2.94 

4 

rUe  satellite  was 

sxcessively  difficult 

in  all  the  measures. 

Measures  from  north  limb. 

Sept. 

3 

14  21  19 

19.43 

+  2.78 

3 

Aug. 

27 

14  37    6 

22.78 

46.02 

3 

From  fol 

limb 

14  24  29 

19.11 

+  3.10 

3 

14  39  24 

23.65 

46.89 

3 

14  28  13 

19.60 

+  2.61 

2 

14  41  32 

23.92 

47.16 

3 

14  43    9 

24.70 

47.93 

2 

Sept. 

3 

14  34  19 

31.86 

55.55 

3 

From  fol 

limb 

14  45  19 

71.90 

48.66 

2 

From  pr. 

limb 

14  37  55 

32.43 

56.12 

4 

14  47    0 

72.41 

49.18 

3 

14  42  39 

81.28 

57.59 

3 

From  pr. 

limb 

14  48  19 

72.69 

49.46 

2 

14  45  35 

81.58 

57.90 

4 

Measures  from  north  limb. 

14  49    2 

34.07 

57.76 

4 

From  fol 

limb 

14  51  68 

34.25 

57.94 

3 

Aug. 

27 

14 

52  35 

20.17- 

+  1.62 

3 

14  64  14 

34.36 

58.05 

3 

14  54  29 

20.13 

+  1.59 

3 

14  55  67 

34.59 

58.28 

2 

Measures  from  south  limb. 

14  58  16 

82.41 

68.72 

3 

From  pr. 

limb 

Aug. 

27 

14  56  47 

23.41 

+  1.63 

3 

15    0  44 

82.95 

69.26 

3 

14 

58  54 

23.27 

+  1.48 

3 

15    3  24 

82.53 

58.84 

3 

15 

0  50 

23.43 

+  1.64 

3 

15    5  68 
15    8  33 

83.22 
35.06 

59.53 
58.75 

3 
3 

From  fol 

limb 

Measures  from  north  limb. 

15  11  18 

34.92 

58.11 

3 

Aug. 

27 

15 

3  44 

20.30 

+  1.48 

3 

15  13  46 

34.94 

58.63 

3 

15 

5  34 

20.19 

+  1.59 

2 

15  16    6 

35.52 

59.21 

3 

15 

6  54 

20.21 

+  1.57 

2 

15  19    9 
15  21  59 

34.84 

82.73 

58.53 
59.04 

3 
3 

From  pr. 

limb 

Measures  from  south  limb. 

15  24  22 

82.65 

59.06 

3 

Aug. 

27 

15 

8  49 

23.54 

+  1.75 

3 

16  26  29 

82.15 

58.46 

3 

16  10  33 

23.56 

+  1.78 

2 

15  28  33 

34.28 

57.97 

3 

From  fol 

limb. 

Aug. 

27 

15 
15 
15 
15 
15 
15 

15  20 
17  23 

20  12 

21  57 
23  56 
26  24 

31.72 
32.19 
78.98 
79.42 
79.83 
79.52 

54.96 
55.42 
55.74 
56.18 
56.59 
56.28 

3 
4 
3 
3 
4 
3 

From  fol. 
Froui  pr. 

limb 
limb 

15  31  11 
15  33  21 

15  35  36 

16  37  49 
15  39  58 
15  42  14 

34.21 
34.17 
33.84 
33.50 
33.40 
33.06 

57.90 
57.86 
57.53 
57.19 
57.09 
66.74 

3 
3 
3 
3 
3 
3 

15 

28  25 

33.34 

56.58 

3 

From  fol. 

limb 

Measures  from  north  limb. 

15 

29  57 

33.94 

57.18 

3 

Sept. 

3 

15  48  40 

22.34 

-0.13 

4 

15 

31  26 

33.92 

57.15 

4 

16  52     1 

22.36 

-0.15 

o 

Observations  interrupted. 

Measures  from  south  limb. 

Aug. 

27 

15 

53  54 

34.51 

57.74 

3 

Sept. 

3 

15  55  36 

21.77 

-0.44 

3 

15 

56  11 

34.76 

57.99 

3 

15  58    2 

21.73 

-0.48 

4 

15 

57  40 

34.06 

57.30 

3 

Measures  from  north  limb. 

15 
16 

59  47 
1  24 

8  2.. 38 
81.22 

59.14 
57.98 

3 
3 

From  pr. 

limb 

Sept. 

3 

16    4  33 

22.69 

-0.49 

5 

16 

3  14 

81.00 

57.76 

2 

Measures  from  south  limb. 

16 

4  59 

33.72 

56.96 

3 

From  fol. 

limb 

Sept. 

3 

16    8  12 

21.63 

-0.58 

5 

16 

6  57 

34.71 

67.95 

3 

16 

8  44 

34.03 

57.27 

3 

Sept. 

5 

14  41  29 

34.29 

68.11 

3 

From  fol. 

limb 

16  10  39 

33.59 

66.82 

3 

14  46    5 

34.70 

58.61 

3 

16  13    7 

33.26 

66.50 

3 

14  52  11 

34.46 

58.27 

3 

IG  16  18 

33.23 

56.47 

4 

14  56  36 

34.81 

58.63 

3 

10  19    9 

32.92 

56.16 

2 

14  59  32 

83.11 

59.30 

3 

From  pr. 

limb 

15    1  40 

83.37 

68.56 

9 

Satellite  following 

15    4  17 

83.28 

59.46 

3 

Sept. 

3 

13  57  44 

23.09 

46.78 

3 

From  fol. 

limb 

15    7    6 

34.80 

68.62 

3 

From  fol 

limb 

14 

2    1 

24.50 

48.19 

4 

15  12    3 

34.96 

58.77 

3 

14 

6  21 

73.72 

50.03 

3 

From  pr. 

limb 

15  16  68 

34.58 

58.40 

3 

14 

9    5 

74.56 

50.87 

4 

15  23  49 

33.90 

57.71 

3 
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1904 

Stand.  Time 

limb 

center     ( 

'oinp 

M 

jasures  fr 

om  nortli  1 

iiiib 

Sept. 

5 

15''34'"  9 

24X15 

-2^32 

4 

Jleasures  from  soulh  limb. 

Sept. 

5 

14  42  28 

20.25 

-2.08 

6 

Measures  from  south  1 

mb. 

Sept. 

12 

13  24  34 

25.54 

+  2.86 

■'> 

Measures  from  north  limb. 

Sept. 

12 

13  44  26 

20.85 

+  1.83 

5 

Sept. 

12 

14    337 

35.18 

59.37 

5 

From  fol. 

limb 

Sept. 

24 

13  31  24 

36.47 

61.27 

3 

From  fol. 

limb 

13  33  36 

36.41 

61.22 

3 

13  35  22 

36.05 

60.85 

3 

13  37  29 

85.31 

60.50 

3 

From  pr. 

limb 

13  39  21 

84.81 

59.99 

3 

13  41  24 

84.84 

60.04 

2 

13  44    0 

80.27 

55.46 

4 

13  46  47 

34.51 

59.31 

3 

From  fol. 

limb 

Oct. 

1 

12  49    0 

36.34 

61.36 

3 

From  fol. 

limb 

12  51  22 

36.55 

61.57 

3 

12  54    9 

36.99 

62.01 

o 

12  57    2 

86.74 

61.72 

;; 

From  pr. 

limb 

12  59  24 

86.54 

61..52 

3 

13    0  54 

86.71 

61.69 

t> 

13    3  30 

35.26 

60.38 

3 

From  fol. 

limb 

13    5  19 

35.17 

60.19 

3 

13    6  31 

34.92 

59.94 

o 

Satellite  V.  and  Satellite  I. 

Oet. 

1 

13  11  40 
13  16    4 
13  20  41 
13  25  21 

232.91 
234.91 

28.17 
28.90 

5 
5 

5 

Measures  from  south  limb. 

Oct. 

1 

13  40  31 

20.85 

-2.61 

5 

Measures  from  north  limb. 

Oct. 

1 

13  46  26 

26.77 

-3.32 

7 

Measures  from  south  limb. 

Oct. 

1 

13  54  28 

20.17 

-3.28 

4 

Central  From       From 

Stand.  Time       limb       center     Comp. 
Measures  from  south  limb. 


Oct. 


15  12  0  53 
12  2  48 


22.95  -0.75 
22.16  -1.54 


Oct.  15 


Oct  15 


Measures  from  north  limb. 

12    5  16      25.28    -1.58      3 
12    7  23      25.96     -2.26      2 

Satellite  V  and  Satellite  I. 


11  36  53 

251.26 

11  43  11 

58.93 

11  49  14 

58.11 

11  55    2 

251.64 

Oct.  15  12  14  11   29.28   54.56   3 
12  16  33   29.98   55.26   2 


Oct.    17 


Oct.      1 
Oct.      3 


14    6  30      20.31     -3.15      4 

Measures  from  north  limb. 

14  10  37      26.87    -3.42      4 


Oct.     15 


Oct.    15 


12  36  52 

37.05      62.16 

4 

From  fol. 

limb 

12  41    4 

36.45      61.56 
Clouds. 

4 

13  11  44 

82.53      57.41 

4 

From  pr. 

limb 

13  14  46 

82.08      56.97 

4 

13  16  55 

30.93      56.04 

2 

From  fol. 

limb 

Satellite  excessively  difficult  —  between  clouds. 

Measures  from  south  limb. 

11  23  48 

23.47    -0.23 

3 

11  26  38 

22.55     -1.15 

2 

Measures  from  north  limb. 

11  29  41 

24.52    -0.82 

3 

11  31  55 

24.43     -0.73 

2 

Oct.     Vi 


Oct.   1-; 


10  31  21 

33.86 

59.14 

3 

From  fol.  limb 

10  33  18 

34.37 

59.65 

3 

10  35  47 

34.15 

59.43 

4 

10  38  33 

85.63 

60.35 

3 

From  pr.  limb 

10  40    0 

86.10 

60.82 

2 

10  42  35 

86.56 

61.28 

3 

10  44  43 

86.39 

61.11 

3 

10  46  31 

35.93 

61.21 

3 

From  fol.  limb 

10  48  13 

36.38 

61.66 

3 

10  50  18 

36.51 

61.79 

3 

10  52    5 

36.82 

62.11 

3 

10  53  58 

36.74 

62.02 

3 

10  56  33 

37.04 

62.32 

4 

10  59  32 

88.07 

62.79 

4 

From  pr.  limb 

11    2  48 

36.96 

62.24 

3 

11    6  15 

37.06 

62.34 

3 

11     8  42 

37.12 

62.40 

3 

11  10  57 

37.32 

62  60 

3 

11  12  42 

37.42 

62.71 

3 

11  15  21 

37.30 

62.58 

3 

11  17  17 

37.35 

62.63 

3 

11  19  20 

37.52 

62.80 

4 

11  22  20 

36.86 

62.15 

3 

11  25  17 

36.50 

61.78 

3 

11  28    4 

36.69 

61.97 

3 

11  30  52 

36.65 

61.93 

3 

11  34  37 

35.68 

60.96 

3 

11  37  12 

35.66 

60.95 

2 

Satellite  V  and  Satellite  II. 
11  40  28    229°.15        .    .       5 
11  45  10         .    .        38.42      5 
11  51    0        .    .        39.38      5 

Satellite  V  and  Satellite  II  fol. 


9  56  43 

146.80 

1 

9  57  43 

147.60 

1 

9  58  43 

150.90 

1 

9  59  33 

152.95 

1 

10    0  13 

153.60 

1 

10    3    2 

16.56 

5 

Pos. -Angles    of 

10    6    9 

16.79 

5 

wires  for  these 

10    9  18 

171.00 

1 

2  sets  of  meas- 

10 10  18 

17.3.50 

1 

ures  =  68°.  1 
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Central  From       From 

1904     Stand.  Time       limb       center    Comp. 
Satellite  V  and  Satellite  II  fol. 

Oct.    17     lo"ll"'8'    173.75        .    .        1 

10  12    8     175.55        .    .        1 

10  12  48     176.50        .    .        1 
The  very  rapid  change  in  angle  may  make  a   correction    to   the 
distances  necessary. 


Oct.     1' 


Measiues  from  north  limb. 
10  16  56      2l'05    +2.65      3 


Oct. 


10  18  33      20.94    +2.75 

Measures  from  south  limb. 

Oct.    17     10  20  36      26.18    +2.48      3 

10  22  15      25.88     +2.18      2 

Measures  from  north  limb. 
17     10  24  38      21.42    +2.27      3 
10  26  36      21.16    +2.54      2 

Measures  from  north  limb. 

Oct.    17     1159  14      24.94    -1.24      3 

12    2  49      24.45     -0.75      3 

Measures  from  south  limb. 

Oct.  17  12  5  47   22.38  -1.33   3 

12  9  13   22.20  —1.50   4 

Measures  from  north  limb. 
29   9  10  38   22.15  +1.41   3 
9  12  48   22.01  +1.55   3 

Measures  from  south  limb. 
9  16  18  24.86  +1.30  3 
9  18  58   25.40  +1.84   3 


Oct. 

Oct. 
Oct. 


29 


29 


9  25  8 
9  26  59 
9  29  26 

9  31  13 
9  33  29 
9  35  24 

9  38  19 
9  40  48 
9  43  11 

9  45  46 
9  48  48 
9  52  20 
9  55  24 
9  57  33 
9  59  29 

10  1  24 
10  35  4 
10  7  8 
10  9  56 
10  13  5 

10  15  49 
10  17  53 

10  20  4 
10  23  50 
10  27  25 

10  29  29 
10  32  5 
10  35  24 
10  38  47 


33.54 

33.77 

34.15 

85.31 

85.70 

85.86 

35.38 

36.15 

30.44 

35.94 

37.06 

36.97 

37.46  . 

37.06 

36.98 

37.41 

37.70 

37.27 

37.43 

37.41 

37.19 

37.07 

36.86 

36.82 

36.25 

35.91 

35.37 

35.95 

34.75 


58 

58 

59 

60. 

60 

60 

60 

61. 

61. 

61. 

62, 

62. 

62 

62. 

62, 

62, 

62, 

62, 

62 

62 

62 

62 

62 

61 

61 

61 

60 

61 

59 


.67 
.90 
.28 
17 
,57 
,72 
,52 
,28 
.57 
.08 
.19 
.10 
.59 
.19 
.11 
.55 


Central  From       From 

1904      Stand.  Time       limb       center     Comp. 
Satellite  V  and  Satellite  I  fol. 

Oct.    29 


3       From  fol.  limb 


From  pr.  limb 


From  fol.  limb 


Oct.     29 


Oct.    29 


Oct.    31 


Oct.    31 


Oct.    31 


10  45  19 

65.79 

.    .        6 

10  50  31  . 

87.70      3 

10  52  23 

88.37      2 

10  55    7 

89.61      3 

10  56  57 

90.18      2 

11    2    1 

65.47 

.    .        5 

Measures  from  north  limb 

1 1     6  49 

25.51 

-1.95      3 

11     9  58 

25.91 

-2.35      4 

Measures  from  south  limb. 
1113  57  21.02  -2.54  3 
11  16  38      20.75     -2.81      4 

Measures  from  south  limb. 
9  8  36  24.73  +0.78  3 
9  1131  25.19  +1.68  3 
9  13  8  24.74  +1.23  3 
9  14  18      24.64     +1.13      2 

Measures  from  north  limb. 
9  10  42  22.63  +0.S8  3 
9  19  21  22.49  +1.02  3 
9  21  18  22.33  +1.18  2 
9  22  38      22.33    +1.18      2 


Oct.    31 


Oct.    31 


Oct.    31 


9  29  IS 

35.90 

60.98 

2       From  fol.  limb 

9  33    1 

35.79 

60.87 

3 

9  36  16 

35.93 

61.01 

3 

9  42  21 

36.17 

61.25 

3 

9  45  11 

36.02 

61.10 

3 

9  48  19 

37.01 

62.09 

3 

9  50  26 

36.95 

62.03 

3 

9  53    2 

36.92 

62.00 

4 

9  56  15 

36.85 

61.93 

3 

9  59  36 

36.83 

61.91 

3 

10    2  10 

36.71 

61.79 

3 

10    5  18 

36.81 

61.88 

3 

10    9    0 

36.82 

61.90 

3 

10  12  41 

36.65 

61.73 

4 

10  16  50 

35.71 

60.79 

3 

10  20  15 

35.37 

60.45 

3 

Measures  from  south  limb. 

10  25  25 

22.14 

-1.37 

3 

10  28    5 

22.87 

-  0.64 

3 

10  30  13 

22.26 

-1.25 

2 

10  31  57 

22.55 

-0.96 

2 

Measures  from  north  limb. 
10  35  46  24.75  -1.24  3 
10  39  10  24.54  -1.03  3 
10  40  55  25.17  -1.66  2 
10  42  18      25.21     -1.70      2 


Satellite  V  and  Satellite  I  (n.p 

10  46  52 

81.65 

.    .         5 

10  51  55 

47.91)      3 

10  56  21 

47.17      3 

10  59  48 

47.82      2 

;.f  2), 
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Nov. 


Central 

From 

From 

Stand.  Time 

limb 

center 

Comp. 

li      m     a 

9  15  47 

37J8 

62'!lO 

3       From  fol.  limb 

9  27  39 

37.30 

62.21 

3 

9  30    3 

36.45 

61.37 

3 

9  32  34 

36.81 

61.73 

3 

9  35    4 

36.92 

61.84 

3 

9  40  19 

36.74 

61.65 

3 

9  43    0 

36.18 

61.10 

3 

9  45  28 

36.18 

61.09 

4 

Measures  from  north  limb. 

Nov.  12       9  35  46      23.43     -0.34      3 

9  39  14      23.63     -0.54      3 

Jleasures  from  south  limb. 
Nov.  12       9  45  24      23.43    +0.34      2 

Measures  from  south  limb. 

Nov.  14   9  2  48   21.52  -1.48   3 

9  8  18   21.04  -1.96   3 


Nov.  26 


Nov.  26 


Nov.  26 


Measures  from  north  limb. 


9  11  53 

24.74 

-1.74 

3 

9  17    6 

25.62 

-2.62 

3 

9  20  38 

25.03 

-2.03 

3 

9  24  13 

24.67 

-1.66 

2 

Nov.  14 


Measures  from  south  limb. 

Nov.   14       9  43  53      20.22     -2.78      2 

9  48    6      20.34    -2.67      3 


Measures  from  south  limb. 
7  12  52  21.81  -0.55  3 
7  IS  15  21.22  -1.15  3 
7  22  30      22.22     -0.14      3 

Measures  from  north  limb. 
7  27  17  23.63  -1.27  3 
7  30  22  26.37  -1.01  3 
7  32  27  23.41  -0.05  2 
7  34  40      23.76     -1.29      2 


41  5 
43  16 
46  18 
48  69 
52  47 
54  58 
57  35 

0  3 

1  53 
4  7 
7  41 


35.03 
35.13 
35.17 
34.83 
83.07 
82.17 
82.13 
33.74 
33.40 
33.24 
32.91 


58.88 
58.98 
59.03 
58.68 
59.22 
68.32 
58.28 
57.60 
67.25 
57.10 
56.77 


Measures  from  south  limb. 
8  14  20  19.32  -3.04  3 
8  18  52      19.89     -2.47      4 


From  fol.  limb 


From  pr.  limb 


From  fol.  limb 


Central  From       From 

Stand.  Time       limb       center     Comp. 
Measures  from  north  limb. 


Nov.  26 


Dec. 


Dec. 


Dec.      5 


Dec. 


Dec.      5 


Dec. 


Dec. 


8  22  37 

26.64 

-3.17 

2 

8  24  50 

25.28 

-2.92 

2 

8  29    7 

25.51 

-3.14 

3 

8  32  28 

24.68 

-2.31 

3 

Measures  from  south  limb. 


6  58  27 
6  24    3 


23.74 
23.39 


+  1.94 
+  1.69 


Measures  from  north  limb. 


6  39    3 
6  65  13 


21.66    +0.24 
21.97     -0.17 


Measures  from  south  limb. 


6  69  16 

22.41 

+  0.61 

3 

7    1  46 

22  12 

+  0.32 

3 

7    4    5 

22  23 

+  0.43 

2 

7    6  38 

21.79 

+  0.01 

3 

7    8  43 

21.44 

+  0.36 

3 

7  11  21 

21.57 

+  0.23 

4 

Satellite  V  and  Satellite  I  (north). 


7  17  13 

214.34 

4 

7  20    2 

216.60 

3 

7  23  32 

14.92 

5 

7  26  47 

16.61 

5 

7  30  44 

222.90 

4 

7  34  44 

29'!45 

62.70 

3 

From  fol. 

limb 

7  37  18 

29.96 

63.20 

3 

7  39  35 

75.66 

62.40 

3 

From  pr. 

limb 

7  41  60 

74.51 

51.26 

3 

7  44  20 

27.55 

50.81 

3 

From  fol. 

limb 

7  46    3 

27.29 

60.55 

2 

7  47  55 

26.48 

49.74 

4 

7  50  16 

26.21 

49.49 

3 

7  52  28 

71.96 

48.70 

3 

From  pr. 

limb 

7  55    6 

71.28 

48.03 

3 

Measures  from  south  limb. 

7  59  52 

20.78 

-1.02 

3 

8    1  51 

20.61 

-1.29 

2 

Measures  from  north  limb. 

8    4  21 

22.62 

-0.86 

3 

8    6  28 

22.82 

-1.02 

2 

Dec.    10       6  63  30      32.46      66.36      6      From  fol.  limb 

On  this  date  the  satellite  was  momentarily  glimpsed  for  a  few 
minutes,  and  then  was  lost  in  bad  seeing. 
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Following  are  the  apparent  semi-diameters  of  Jupiter  used  in  the  reductions. 
of  the  diameters  of  Jviriter  (A.J.  325). 


They  are  derived  from  my  measures 


Apparent       Apparent 
Semi-Equat.   Semi-Polar 


Apparent       Apparent 
Semi-Equat.    Semi-Polar 


1903 

Diameter        Diameter 

1903-4          Diameter 

Diameter 

July 

21 

23143 

Oct. 

20         23.930 

22.433 

Aug. 

11 

24.421 

liim 

26         23.543 

21.781 

17 

24.701 

Aug. 

22         22.905 

24 

24.942 

27         23.237 

21.783 

31 

25.161          23 

587 

Sept. 

3         23.689 

22.207 

Sept. 

1 

25.167 

5         23.815 

22.324 

21 

25.157          23.583 

12         24.196 

22.676 

22 

25.149 

24         24.808 

28 

24.996 

Oct. 

1         25.020 

23.455 

Oct. 

13 

24.324 

3         25.112 

POSITIOX    OF    MiCEOMETER    WiRES 

AT    LaTITU 

1903  Aug.  31 

64^62 

1904  Sept.    5 

66.°80 

Sept.  21 

65.17 

12 

68.50 

Oct.    20 

65.16 

Oct.      1 

67.30 

26 

65.60 

15 

67.62 

1904  Aug.   27 

68.25 

17 

68.34 

Sept.    3 

69.54 

29 

67.37 

Position-Angle  of  Belts. 

1903  July  20 

13  20"       66°.57 

5 

1904  July 

27 

13  40         64.83 

5 

Aug.  17 

12  30         65.81 

4 

Aug. 

31 

11   15         64.87 

6 

Sept.     8 

9  40         65.74 

5 

Sept. 

21 

9  30         64.98 

5 

Oct 

Oct     26 

7     0         65.82 

5 

Nov. 

27 

10  30 

f 

4.00 

5 

Dec. 

1904 

Apparent 

Semi-Equat. 

Diameter 

Apparent 
Semi-Polar 
Diameter , 

Oct. 

15 

25^281 

22.699 

17 

25.281 

23.700 

29 

25.133 

23.561 

31 

25.080 

23.511 

Nov. 

5 

24.917 

12 

24.630 

23.089 

14 

24.538 

23.003 

26 

23.855 

22.362 

Dec. 

5 
10 

23.555 
22.901 

21.800 

DE  Measures. 

1904  Oct. 

31 

67.°60 

Nov 

12 

68.70 

14 

66.50 

26 

66.02 

Dec. 

5 

67.30 

15  40 

69.58 

6 

15  30 

69.25 

5 

15  45 

69.70 

5 

15     0 

70.09 

5 

16     0 

67.28 

5 

14     0 

67.58 

5 

9     0 

67.53 

6 

8  30 

67.37 

5 

Tliougli  these  results  are  frequently  discordant,  they  have  been  carefully  made,  as  will  be  seen  from  the  number  of  settings.  The 
conditions  have  not  been  the  best  for  observations  of  this  kind  because  the  belts  have  not  been  symmetrical  —  the  heaviest  portion 
of  the  equatorial  belt  system  being  south  of  the  equator. 

East  Elongation  Times  of  the  Satellite. 

O— C  O— C 


1903  July  21 

13  58.0 

-1.6 

1904  Aug.  27 

15 

50.0 

-1.8 

Aug.  17 

11  33.5 

+  1.5 

Oct.    29 

10 

5.0 

-1.2 

31 

10  13.5 

-1.1 

The  quantities  in  the  column  O  —  C  are  comparisons  with  the  elongation  times  published  in  Cunnaisayice  ties  Temps  for  1903  and 
1904,  which  are  based  on  Dr.  CoHN's  value  of  the  period  of  the  satellite. 


The  following  transits  of  the  great  Red   Spot  were  ob- 
served during  the  observations  of  the  satellite. 


1903  Sept.  21 
Oct.    26 


7  51.5 
11  40.0 


1904  Aug.  15 
Oct.  17 
Dec.  10 


15  25.0 

12  16.0 

6  50.0 


Though  tlie  spot  has  been  faint,  it  lias  been  distinctly  outlined, 
and  retains  the  size  and  shape  of  former  years. 

1904  Aug.  1.5.  The  great  Red  Spot  in  transit.  It  seems  to  be  an 
ill-defined,  luminovs  spot,  with  the  general  form  of  the  old  Red  Spot, 
but  decidedly  brighter  than  the  surrounding  region. 

1904  Oct.  17.  The  outline  of  the  great  Red  Spot  is  fairly  well 
seen,  but  it  seems  to  join  into  the  dusky  bell  south,  and  perhaps  to 
the  red  belt  or  bay  north.  There  seems  to  be  several  light  markings 
on  the  spot. 

Yerkes  Obiiervatory,  1905  January. 


Measures  of  Some  of  the  other  Satellites  of  Jupiter. 
Satellites  I  and  II  (Satellite  I  is  north). 

1903  July  27         13*"  2s"4o'        222°44 
13  32  48  .    . 

13  35  55  .    . 

Satellites  I  and  II  (Satellite  I  is  north). 


1903  Aug. 


15  37  27 
15  42  25 
15  45  39 


16.25 


14.56 
14.42 

4 
4 
4 

6.98 
6.93 

6 
4 
4 

1904  Oct.    17  1134     2  Satellite  I  ion  disc  at  transit 

11  59  32         "       11:^  on  disc  at  transit 
Satellites  II  and  III  (Satellite  III  is  north). 

1904  Oct.  22  13"  36" 59'  152°.85  ."  .  5 
13  40  47  .  .  7.07  4 
13  42  46     .  .      7.46    4 
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SATELLITES  OF   SATURN, 

WITH   THE    LEANDER   MCCORMICK   OBSERVATORY   2G-INCH   REFRACTOR, 


By  GEO 

RGE  FEE 

Tethijs  —  Dione 

190 

5 

Chai-r 

ville 

M.T. 

p           Charl'ville  M.T. 

s 

Aug. 

24 

h 

12 

40" 

9' 

275^51 

12  49" 46 

103.55 

28 

12 

21 

21 

81.04 

12  34  51 

17.71 

28 

12 

45 

21 

81.56 

31 

12 

29 

59 

104.35 

12  44  52 

76.58 

31 

12 

38 

26 

105.70 

Sept 

8 

11 

3 

3 

106.84 

11  19  39 

20.40 

8 

11 

30 

3 

107.54 

18 

11 

17 

23 

290. S2 

11  27  12 

60.51 

IS 

11 

36 

4 

291.86 

26 

7 

59 

2 

289.62 

8  '  s'  27 

34.47 

26 

8 

15 

41 

290.45 

28 

12 

19 

31 

117.88 

12  41  7 

23.15 

28 

12 

49 

37 

119.53 

Oct. 

4 

9 

54 

28 

257.77 

10  4  40 

25.19 

4 

10 

13 

28 
Tef/i 

158.85 
i/s  —  Ehea. 

Aug. 

27 

10 

55 

21 

89.26 

11  10  29 

99.25 

27 

11 

32 

8 

90.31 

28 

12 

58 

24 

106.12 

13  15  '3 

27.58 

31 

11 

12 

45 

78.39 

11  25  33 

30.94 

31 

11 

37 

0 

78.92 

Sept 

6 

13 

28 

32 

117.92 

13  43'  23 

39.01 

6 

13 

53 

20 

119.83 

18 

10 

45 

26 

308.62 

10  55  59 

39.39 

18 

11 

6 

20 

311.98 

26 

8 

21 

16 

281.60 

8  32  13 

54.12 

26 

8 

38 

51 

281.71 

27 

11 

19 

34 

28.S.50 

11  28  47 

54.00 

27 

11 

35 

37 

289.47 

Oct. 


Au£ 


Sept. 


5 

Charl'ville  M.T. 

P 

Charl'ville  M.T. 

X 

3 

b   m 

8  57 

28 

96!75 

h 

9 

4  27 

37'!ll 

3 

9  11 

26 

96.87 

4 

9  1 

8 

127.86 

9 

13  0 

36.80 

4 

9  25 

3 

131.57 

Dione  —  lilieii . 

27 

11  48 

4 

93.76 

12 

3  38 

103.06 

27 

12  15 

14 

94.04 

28 

11  41 

59 

131.98 

11 

54  40 

15.21 

28 

12  6 

23 

135.33 

31 

11  49 

54 

295.84 

12 

'  5  41 

54.94 

31 

12  19 

46 

297.79 

6 

14  10 

30 

94.08 

14 

24  22 

65.46 

() 

14  33 

1 

92.85 

18 

11  45 

6 

84.63 

11 

55  29 

32.27 

18 

12  5 

27 

85.05 

19 

10  48 

10 

83.51 

11 

0  12 

20.33 

19 

11  9 

44 

83.62 

26 

8  48 

16 

267.63 

8 

50  3 

23.79 

26 

9  3 

19 

267.59 

27 

11  43 

27 

286.44 

11 

"53  "7 

62.05 

27 

12  2 

17 

286.89 

28 

12  3 

9 

87.43 

12 

13  22 

98.68 

28 

12  23 

31 

87.86 

3 

9  18 

28 

91.82 

'9 

26  8 

28.94 

3 

9  33 

10 

91.50 

4 

9  33 

19 

110.94 

9 

40  25 

50.11 

4 

9  47 

40 

111.62 

Oct. 


The  position  angles  are  the  mean  of  four  readings.  The  distances 
are  the  mean  of  four  double  distances,  except  that  on  Aug.  24, 
which  is  the  mean  of  three  single  distances.  Refraction  corrections 
have  been  applied. 


THE   BIELA  METEORS,   1905, 

By  EL)\YIN  F.  sawyer. 


It  was  reasonably  expected  that  a  repetition  of  the 
meteor  shower  observed  on  November  23,  1885,  would 
manifest  itself  this  year  on  or  about  November  20,  and 
accordingly  jDreparations  were  made  for  observing  the 
same.  But  for  reasons  not  at  present  determined,  the 
shower  failed  to  make  its  appearance,  so  far  as  the  obser- 
vations of  the  writer  show.  Observations  at  intervals  were 
permissible  on  every  evening,  from  November  14  to  30 
inclusive,  except  November  15  and  28,  which  remained 
overcast  throughout.  While  the  general  paucity  of  meteors 
was  noticeable,  those  radiating  from  the  vicinity  of  Gamma 
Andromeda  were  remarkably  so,  only  two  of  3d  and  4th 
magnitudes  respectively,  with  characteristic  features  of  the 
Bielas  being  observed,  and  these  on  the  24th,  during  an 
Brighton,  1905  Dec.  3. 


hour's  watch.  These  paths  were  well  observed,  and  inter- 
sected at  a  point  near  Gamma  Aiidromeda,  or  at  E.A.  26° 
+  42^°.  This  remarkable  absence  of  the  Bielas  on  the 
dates  of  its  expected  appearance  would  indicate  that  the 
disturbing  influence  of  the  planet  Jupiter  in  1901-2,  as 
piointed  out  by  Dr.  Schulhof  in  1894,  has  greatly  deflected 
the  stream,  and  perhaps  thrown  it  into  an  entirely  new 
orbit  not  intersecting  that  of  the  earth.  If  not  observed 
in  1911  or  1912,  when  again  in  the  vicinity  of  the  earth's 
orbit,  the  interesting  story  of  Biela's  comet  and  its  debris 
would  appear  to  be  closed.  Center  of  observation  Gam- 
ma Andromeda.  View  restricted  to  one-si.\th  of  visible 
heavens. 


34 


THE     ASTRONOMICAL     JOUENAL. 


NO-  580 


NEW     COMET      (SCHAER,N0V.17)^ 
Cable  dispatches  of  Nov.  18  and  20,  from  Dr.  Kheutz,  announce  the  discovery  of   a   bright  comet  at  Geneva, 
by  ScHAEB,  on  Nov.  17 ;  and  give  the  positions  at  discovery,  and  also  one  on  Nov.  18  obtained  by  Dr.  E.  Haktwig 
at  Bamberg,  as  follows : 

1905  Greenw.  M.T.  a  S 

+  86°    0  0         Geneva 
+  80  40  5         Bambercr 


Nov.  17.322 
18.2549 


4  22  32. 
0  58  19.5 


The  comet  is  described  as  circular,  about  8'  in  diameter,  of  seventh  magnitude,  with  some  central  condensation, 
and  no  tail. 


*  From  Supplement  to  No.  579. 


ELEMENTS  AND   EPHEMERIS   OF   COMET   b   1905    {sciiaer), 

By  ELEANOR  A.  LAMSON. 
[Commimicated  by  the  Superintendent  Naval  Observatory.] 

Heliocentric  Coordinates. 


The  following  elements  were  deduced  from  observations 
made  at  Washington,  on  November  21,  23,  26. 

Elements. 
T  =  Oct.  25.734508 
^  =  355°  35  24*8 
J2  =  222  55  37.7 
/  =  140  36  10.5 
q  =  1.05197 


Residuals  (0 


C):  cos(3J\  =  +1.9 
Jj3=  +1.5 


X  =  7- [9.955085]  sin  (  6  57  18.9+;') 
,/  =  y[9.S32045]  sin(  65  45  46.6+ y) 
z  =  r  [9.930305]  sin  (114     6  25.6  +  y) 


Ephemeris. 

G.M.T. 

1905 

)ec.    3.5 

23 

a 
1       m       s 

30     8 

8 

+   0°25.'8 

Light 
0.20 

7.5 

30  19 

-  4  47.4 

0.10 

11.5 

31     5 

-   8  11.2 

0.07 

15.5 

32  15 

-10  33.1 

0.05 

19.5 

33  41 

-12  15.9 

0.04 

23.5 

35  21 

-13  32.6 

0.03 

27.5 

37  13 

-14  31.3 

0.02 

31.5 

23 

39  15 

-15  17.1 

0.01 

Brightness  on  November  21  taken  as  unit. 


NEW   COMET  c  1905  (giacobini,  d...  e). 

A  cable  despatch  from  Dr.  Kreutz   announces  the  discovery  of    a  bright  comet  by  Giacobini,  at  Nice,  in  the 
following  jjosition  : 

1905  Gr.  M.T.  Dec.  6.6837.         E.A.  =  14"  21'"  39».4     ;     Decl.  =  +20°  59'  29". 
Daily  motion  in  a  +4-"  32«  ,  S  -26'. 


CONTENTS. 

Observations  of  the  Fifth  Satellite  of  Jupiter,  bv  E.  E.  Barnakd. 

Satellites  of  Saturn,  by  George  Frederic  Paddock. 

The  Biela  Meteors,  1905,  by  Edwin  F.  Sawyer. 

New  Comet  (Schabr,  Nov.  17). 

Elements  and  Ephemeris  of  Comet  b  1905  (Schaer),  by  Eleanor  A.  Lamson. 

New  Comet  c  1905  (Giacobini,  Dec.  6). 
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ON     THE     DARWINIAN     THEORY    OF 

ON    TIDAL 

By  JOHN  N. 

When  the  rigorous  solution  of  a  problem  is  difficult 
or  impossible,  speculation  becomes  easy  and  extravagant. 
But  it  sometimes  happens  that  the  wildest  speculations  in 
regard  to  a  physical  problem  may  suggest  other  problems 
whose  solution  may  throw  important  light  upon  the  origi- 
nal problem  and  indirectly  facilitate  its  solution.  Such 
seems  to  be  the  case  with  modern  cosmogonies,  or  theories 
of  world  making.  The  rigorous  solution  of  the  problem 
of  the  construction  of  the  solar  system  by  purely  mechani- 
cal forces,  from  the  crude  materials  of  a  nebula,  surpasses 
the  power  of  mathematical  analysis  ;  and  yet  it  gives  rise 
to  other  problems  whose  solution  is  comparatively  easy, 
and  which  serve  to  confirm  or  refute  the  theories  advanced 
concerning  their  origin.  Professor  Darwin's  theory  of 
the  genesis  of  the  moon  is  a  problem  of  this  character. 

It  will  be  remembered  that  while  Professor  George 
Howard  Darwin  accepts  the  Nebular  Hypothesis  of  La- 
place as  a  correct  explanation  of  the  general  features  of 
the  solar  system,  he  also  considers  that  there  are  special 
reasons  why  the  moon  had  a  different  origin.  The  princi- 
pal reason  he  gives  is  the  comparatively  large  mass  of  the 
moon,  amounting  to  one-eightieth  of  the  mass  of  tlie  earth  ; 
whereas  the  mass  of  Saturn  is  equal  to  4600  times  the 
mass  of  its  satellite  Titan,  which  is  by  far  the  largest  satel- 
lite in  the  solar  system.  For  this  reason  he  conceives  the 
material  of  which  the  moon  was  formed,  instead  of  being 
thrown  off  in  the  form  of  a  ring,  was  thrown  off  in  the 
form  of  huge  fragments  which  ultimately  became  our  moon. 
Just  how  this  was  accomplished,  the  following  extracts 
from  Professor  Darwin's  book  on  "  The  Tides,"  will  suf- 
ficiently explain.     He  says  : 

"  We  have  grounds  for  conjecturing  that  the  moon  is 
composed  of  fragments  of  the  primitive  planet  which  we 
now  call  the  earth,  which  detached  themselves  when  the 
planet  spun  very  swiftl}',  and  afterwards  became  consoli- 
dated. It  surpasses  the  power  of  mathematical  calculation 
to  trace  the  details  of  this  rupture  and  subsequent  consoli- 
dation, but  we  can  hardly  doubt  that  the  system  would 


THE  GENESIS  OF  THE  MOON,  AND 
EVOLUTION, 

STOCKWELL. 
pass  through  a  period  of  turbulence,  before  order  was  re- 
established in  the  formation  of  a  satellite." 

"  May  we  not  then  conjecture  that  as  the  rotation  of  the 
primitive  earth  was  gradually  reduced  by  solar  tidal 
friction,  the  period  of  the  solar  tide  was  brought  into 
closer  and  closer  agreement  with  the  free  period,  and  that 
consequently  the  solar  tide  increased  more  and  more  in 
height  ?  In  this  case  the  oscillation  might  at  length  be- 
come so  violent  that  in  co-operation  with  the  rapid  rotation, 
it  shook  the  planet  to  pieces,  and  that  huge  fragments 
were  detached  which  ultimately  became  our  moon." 

"  There  is  nothing  to  tell  us  whether  this  theory  affords 
the  true  explanation  of  the  birth  of  the  moon,  and  I  say 
that  it  is  only  a  wild  speculation,  incapable  of  verification." 

These  extracts  from  Professor  Darwin's  book  are  suf- 
ficient to  show  the  nature  of  the  Darwinian  theory  of  the 
genesis  of  the  moon,  and  since  I  have  no  desire  to  criticise 
the  book  in  this  place,  no  more  copious  extracts  seem  to  be 
necessary. 

Accepting  then  Professor  Darwin's  theory,  we  must 
remember  that  the  moment  a  satellite  is  born  it  becomes 
an  individual  member  of  the  system,  and  is  subject  to  in- 
evitable perturbations  from  the  sun;  and  the  problem  then 
arises  as  to  how  near  to  the  surface  of  a  planet  can  a  satel- 
lite revolve  without  being  brought  into  contact  with  the 
surface  by  reason  of  the  sun's  attraction  ?  In  this  form 
the  problem  becomes  sharply  defined  and  its  solution  is 
simple  and  rigorous. 

We  shall  here  consider  the  most  favorable  case  that  can 
arise,  viz.,  that  the  satellite  at  the  moment  of  its  birth 
moves  in  a  circular  orbit,  and  in  the  plane  of  the  ecliptic. 
With  these  limitations  the  problem  becomes  a  simplified 
form  of  the  lunar  theory,  the  solution  of  which  has  already 
been  elaborately  worked  out  by  mathematicians.  If  we 
designate  the  mean  distance  of  the  satellite  from  the  cen- 
ter of  the  earth  by  a,  and  its  mean  longitude  by  nt;  also 
the  mean  distance,  mean  longitude  and  mass  of  the  sun  by 
((',  n't  and  ni',  n  and  ?i'  being  the  mean  motions  of  the 
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satellite  and  sun  respectively;    the  perturbations  of   the 
radius-vector,    Br,  of   the   satellite  will   be   given    by  the 
equation 
(1) 

til  f  n^  yi        (    Q  -M  ^  «  1 

coa2(nt—n't) 


3 

83n-2n' 


.  VI' a° 

8r  =  —a j- 

IX  a" 

in  which  jx  denotes  the  sum  of  the  masses  of  the  earth  and 
its  satellite. 

The  above  equation  shows  the  least  distance  above  the 
earth  and  its  atmosphere  at  which  a  satellite  could  re- 
volve round  the  earth  without  getting  tangled  in  its  atmos- 
phere by  reason  of  the  sun's  attraction,  and  thereby  be 
compelled  to  fall  to  the  earth. 

If  we  now  suppose  the  moon's  horizontal  parallax  to  be 
w  =  3422".7,  and  the  sun's  to  be  tt'  =  8".8,  we  shall  have 

a'  -^  a  =  s'in  t  -=-  sin  n'  =  388.9252 

and  in  the  case  of  the  earth  and  moon  we  have  /x  =  1.0125, 
and  the  sun's  mass,  m'  =  332448,  the  mass  of  the  earth 
being  unity.  We  also  have  7i'  =  0.0748013  ?;,  and  equa- 
tion (1)  will  become 

>»'  /n  \' 

(2)       Sr  =  -a[0.1098044]  — f-,j  co52(nt-nH) 
If  we  now  put 


we  shall  have  log  —  =  97.7478173  ;  and  equation  (2)  will 

become 

(3)  8r  =  -«  [97.8576217]  cos 2  (nt-n't) 

the  numbers  in  brackets  being  logarithms. 

Now    the   above    parallax   gives    the    moon's    distance 
a  =  238  824  miles,  and  we  get  finally 


(4) 


hr  =  —1720.68  miles  X  cos2  {nt~n't) 


Now    at    the    time    of    new    and    full    moon    we    have 
cos2  {rit  — n't)  =  1,  and  equation  (4)  becomes 

S;'  =  -1720.68  miles 

Whence  it  follows  that  if  a  fragment  were  thrown  off  the 
earth  when  its  diameter  was  equal  to  that  of  the  moon's 
orbit,  according  to  the  Darwinian  theory,  the  sun's  action 
would  cause  it  to  describe  an  orbit  which  would  pass  1720 
miles  below  the  earth's  surface  at  each  conjunction  and 
opposition  with  the  sun.  This  calculation  also  shows  that 
if  the  earth's  surface  or  atmosphere  ever  extended  to  the 
distance  of  237  100  miles  from  its  present  center,  the  moon 
would  sink  into  it  to  the  depth  of  more  than  a  thousand 
miles  twice  in  the  course  of  each  revolution  around  the  earth. 
Equation  (1)  gives  the  whole  perturbation  of  the  radius- 
vector  arising  from  the  first  power  of  the  disturbing  force, 


that  is  independent  of  the  eccentricities ;  and  is  suiRciently 
accurate  for  the  purpose  of  this  investigation. 

In  corroboration  of  the  accuracy  of  the  above  formula 
for  hr  we  may  refer  to  the  lunar  theory  of  DblAunat,  who 
gives  the  correction  of  the  moon's  parallax  for  the  terms 
which  are  independent  of  the  eccentricities  as  equal  to 
+  24".6,  which  corresponds  to  hr  =  —1700  miles,  which 
agrees  very  nearly  with  the  value  previously  found. 

If  a  satellite  were  revolving  very  near  the  earth's  sur- 
face, as  existing  at  present,  so  that  m'  would  be  very  small 
in  comparison  with  n,  we  may  neglect  n'  in  the  coefficient 
of  cos  2  (nt—n't),  and  equation  (1)  will  be  greatly  simpli- 
fied, and  at  the  same  time  sufficiently  accurate  for  our 
purpose.     It  will  then  become 


h-  =  —a  —  cos  2  (nt—n't) 


(5) 


According  to  Professor  Daewin's  idea,  the  moon  was 
thrown  off  the  earth  at  a  time  when  the  earth  rotated  on 
its  axis  in  about  three  hours.  Now  a  satellite  revolving 
around  the  earth  in  three  hours  would  have  a  mean  dis- 
tance of  6521  miles  ;  and  equation  (5)  would  give  Sr=  —4.07 
feet.  It  would  therefore  follow  that  a  satellite  moving  at 
that  distance  from  the  earth  woiild  pass  four  feet  below 
the  earth's  surface  twice  in  the  course  of  each  revolution, 
and  would  therefore  require  to  be  "  born  again "  at  the 
rate  of  sixteen  times  in  every  twenty-four  hours,  in  order 
to  insure  its  continued  existence. 

Now  at  whatever  distance  from  the  earth's  center  a  frag- 
ment may  be  thrown  off  the  earth's  surface  by  the  centrifugal 
force  of  the  earth's  rotation,  it  follows  from  equation  (1) 
that  the  sun's  action  on  such  fragment  would  at  once  pre- 
cipitate it  again  upon  the  earth,  and  its  existence  as  a 
satellite  could  not  continue  during  a  single  revolution  ;  and 
we  therefore  conclude  that  Professor  Darwin's  theory  of 
the  genesis  of  the  moon  is  wholly  untenable. 

We  shall  now  consider  the  subject  of  tidal  evolution.  It 
is  the  object  of  the  theory  of  tidal  evolution  to  explain 
how  the  planets  and  their  satellites  came  into  their  present 
relations  to  each  other,  the  genesis  of  the  satellites  having 
been  brought  about  in  the  manner  already  explained.  Ac- 
cording to  the  Darwinian  theory  the  matter  of  which  the 
moon  is  composed  was  thrown  off  the  earth  when  the  earth 
rotated  on  its  axis  in  about  three  hours,  and  the  moon  con- 
solidated and  revolved  in  its  orbit  at  a  distance  of  about 
6520  miles  in  the  same  time.  At  present  the  earth  rotates 
on  its  axis  in  a  period  of  twenty-four  hours,  while  the 
moon  revolves  in  its  orbit  in  a  period  of  27.32  days,  at  a 
distance  of  about  240  000  miles;  and  it  is  the  object  of  the 
theory  of  tidal  evolution  to  explain  how  these  changed 
relations  between  the  earth  and  moon  were  brought  about 
by  the  operation  of  purely  mechanical  forces. 
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The  agency  by  which  these  changed  conditions  between 
the  moon  and  earth  were  brought  about  is  the  tides  gen- 
erated by  the  moon  in  the  waters  of  the  oceans  which  cover 
tlie  greater  part  of  the  surface  of  the  earth.  It  is  claimed 
that  these  tides  have  tlie  effect  of  driving  the  moon  further 
and  further  from  the  earth  at  each  revolution  until  its  dis- 
tance now  amounts  to  about  240  000  miles ;  while  the 
reaction  of  the  moon  on  the  earth  through  the  friction  of 
the  tides  has  had  the  effect  of  increasing  its  period  of  rota- 
tion from  three  hours  to  twenty-four  hours.  More  than  a 
century  ago,  before  the  acceleration  of  the  moon's  mean 
motion  had  been  explained  by  Laplace,  it  had  been  sug- 
gested that  the  acceleration  was  only  apparent,  and  might 
be  fully  accounted  for  by  supposing  the  length  of  the  day 
to  be  gradually  increasing.  But  this  explanation  could 
not  be  admitted,  because  if  the  day  were  really  becoming 
longer  there  would  be  apparent  secular  changes  in  the 
motions  of  the  other  heavenly  bodies,  a  conclusion  which 
was  not  borne  out  by  observation. 

About  sixty  years  ago,  however,  the  idea  of  a  tidal  retar- 
dation of  the  earth's  rotation  was  revived  by  Dr.  J.  R. 
Mayer,  in  a  dissertation  on  Celestial  Dynamics,  in  which 
he  estimated  that  the  length  of  the  day  had  increased  by 
cue  sixteenth  of  a  second  during  the  last  2500  years,  by 
reason  of  tidal  friction.  A  few  years  later  Dr.  Herman 
Ludwig  Ferdinand  Helmholtz,  develoi^ed  the  same  idea 
in  a  lecture  which  was  delivered  at  Konigsberg  in  1854. 
About  the  same  time  the  late  William  Fekrel  undertook 
an  elaborate  mathematical  investigation  of  the  problem  in 
a  paper  which  was  published  in  this  Journal  in  December, 
1853.  The  conclusion  at  which  Mr.  Fekrel  arrived  was 
that  the  earth's  rotation  was  retarded  to  the  extent  of  37.44 
miles  by  the  moon's  attraction,  and  7.01  miles  by  the  sun's 
attraction,  making  a  total  of  44.45  miles  as  the  amount  by 
which  a  point  on  the  earth's  equator  would  be  retarded  in 
100  years  by  reason  of  tidal  friction.  This  would  produce 
an  apparent  secular  acceleration  of  the  moon,  amounting  to 
84"  in  the  course  of  a  century.  But  as  this  effect  was 
incompatible  with  observation  it  was  inferred  that  this 
effect  of  the  tides  was  neutralized  by  an  equivalent  shrink- 
age of  the  earth's  volume  by  reason  of  its  secular  cooling, 
so  that  the  time  of  the  earth's  rotation  remained  constant. 

Since  the  above  investigations  were  published,  the  idea 
that  the  tides  have  a  remarkable  influence  on  the  develop- 
ment of  planetary  systems  has  been  constantly  growing  in 
favor  with  physicists  and  astronomers,  until  it  has  become, 
chiefly  through  the  labors  of  Professor  Darwin,  a  generally 
accepted  doctrine  of  science.  However,  if  we  carefully 
compare  the  results  of  the  calculations  of  Mater  and 
Fekrel,  we  shall  find  the  discrepancies  between  them  are 
so  great  as  to  justify  serious  doubts  as  to  the  accuracy  of 
either.  These  discrepancies  may  result  from  imperfection 
of  the  data  of  the  problem,  or  from  imperfect  or  perhaps 


inadequate  methods  of  treating  such  an  extremely  intricate 
problem.  According  to  Ferrel,  a  point  on  the  earth's 
equator  falls  behind  its  mean  place  at  the  rate  of  44.45 
miles  in  the  course  of  a  century ;  and  this  would  be  equiva- 
lent to  losing  a  whole  revolution  on  its  axis  in  560  cen- 
turies, or  in  other  words  it  would  lose  a  whole  day  in 
56  000  years.  According  to  Mater  the  day  grows  longer 
by  one-sixteenth  of  a  second  in  a  period  of  2500  years ; 
and  at  this  rate  it  would  lose  a  whole  day  in  a  period  of 
3  456  000  000  years  ;  which  is  about  61  700  times  the  period 
according  to  Ferrel's  calculations. 

I  therefore  propose  to  give  an  exact  solution  of  the 
problem  of  the  tidal  retardation  of  the  earth's  rotation  by 
attacking  it  indirectly ;  that  is,  by  an  exact  calculation  of 
the  effect  of  the  tides  on  the  motion  of  the  moon ;  and 
then  by  means  of  the  principle  that  action  and  reaction  are 
equal  and  in  opposite  directions  determine  the  effect  of  the 
moon  on  the  tidal  forces  on  the  earth's  surface.  In  this 
way  we  are  able  to  obtain  an  accurate  knowledge  of  the 
nature  of  the  effects  of  the  tidal  forces  which  act  upon 
the  earth,  although  we  may  still  be  unable  to  determine 
their  exact  amount. 

The  first  consideration  to  be  attended  to  relates  to  the 
amount  of  the  tidal  disturbing  forces.  Helmholtz  cites 
Bessel  as  authority  for  the  statement  that  the  quarter 
of  the  earth  covered  by  the  flood  tide  contains  25  000 
cubic  miles  of  water  more  than  the  quarters  which  contain 
the  ebb  tide;  and  we  shall  assume  that  25  000  cubic  miles 
of  water  is  the  mass  of  the  tidal  force.  Now  25  000  cubic 
miles  of  water  is  equivalent  to  a  sphere  of  water  36.278 
miles  in  diameter ;  and  this  again  is  equivalent  to  a  sphere 
of  20.652  miles  in  diameter,  and  having  a  density  equal  to 
the  mean  density  of  the  earth.  We  may  therefore  repre- 
sent the  total  tidal  forces  which  act  upon  the  moon,  by 
means  of  an  inflexible  rod  passing  through  the  earth  in 
the  plane  of  the  equator,  each  end  of  which  hold  a  sphere 
of  20.552  miles  in  diameter  just  outside  the  earth's  sur- 
face. We  shall  also  suppose  the  radius  of  the  earth  to  be 
4000  miles,  and  the  moon's  distance  to  be  240000  miles 
from  the  earth's  center,  or  sixty  times  the  earth's  radius. 

Now  if  we  suppose  the  longitude  of  the  moon  to  be 
denoted  by  nt,  and  the  longitude  of  the  tidal  sphere  which 
is  nearest  the  moon  by  n't,  and  put  ji  =  nt  —  n't,  we  must 
compute  the  equations, 

,<8=  ^3601-120cos;8|-'    ,  w'^=  *  3601  + 120  cos /3J-?    (6) 

and  the  effective  tidal  tangential  force  acting  on  the  moon 
will  be  given  by  the  equation 


^)  =  &Qm'\H^-u"\smli 


(J) 


in  which  m'  denotes  the  mass  of  a  sphere  20.552  miles  in 
diameter  whose  density  is  equal  to  that  of  the  earth. 
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After  having  found  the  value  of 


Vdv 


for  any  assumed 


values  of  /3,  we  may  find  the  corresponding  perturbations 
of  the  radius-vector  and  longitude  of  the  moon  by  the 
equations 


8r  = 


-2a"-- 


„n  /dR\ 


s^y  =  — 


(8) 


IJi\dnJ 


Table  Showing  the  Effect  of 

Assumed  Tidal  Forces  on 

THE  Motion 

OF  THE  Moon. 

|3 

«5 

U'3 

-(S) 

t 

8b 

i- 

log.it 

D 

+  0° 

30 

5] 486904 

5] 440566 

85.62829 

-0.0530 

+  5!496 

6.33407 

839.73 

0 

0 

5] 486905 

5] 440565 

Inf.  neg. 

0.0000 

0.000 

6.33405 

839.74 

-  0 

30 

5J  486904 

5] 440566 

85.62829?i 

+  0.0530 

-  5.496 

6.33407 

839.73 

1 

0 

5] 486901 

5 J  440569 

85.92925» 

0.1060 

10.991 

6.33411 

839.70 

1 

30 

5]  486896 

5]  440573 

86.10523?i 

0.1590 

16.483 

6.33420 

839.64 

2 

0 

5] 486889 

5] 440578 

86.23002» 

0.2119 

21.969 

6.33431 

839.57 

3 

0 

5] 486871 

5] 440594 

86.40567?j 

0.3175 

32.921 

6.33464 

839.36 

4 

0 

5] 486843 

5] 440617 

86.52998?i 

0.4228 

43.831 

6.33511 

839.05 

5 

0 

5] 486809 

6] 440647 

86.62609W 

0.5275 

54.688 

6.33571 

838.68 

10 

0 

5] 486523 

5] 440890 

86.92046W 

1.0389 

107.712 

6.34072 

835.45 

15 

0 

5] 486048 

5]  441293 

87.08635« 

1.5187 

157.453 

6.34916 

830.06 

20 

0 

5] 485390 

5] 441854 

87.19441W 

1.9522 

202.401 

6.36115 

822.45 

25 

0 

5] 484555 

5] 442570 

87.27056» 

2.3263 

241.174 

6.37690 

812.57 

30 

0 

5] 483551 

5] 443436 

87.32378ra 

2.6296 

272.636 

6.39670 

800.31 

35 

0 

5] 482387 

5 j  444448 

87.35919« 

2.8530 

295.791 

6.42092 

785.57 

40 

0 

5] 481073 

5J  445599 

87.37949/t 

2.9895 

309.960 

6.45009 

768.18 

45 

0 

5] 479622 

5] 446882 

87.38608?i 

3.0353 

314.690 

6.48492 

747.92 

50 

0 

5] 478047 

5] 448290 

87.37936re 

2.9886 

309.860 

6.52641 

724.48 

55 

0 

5] 476362 

5] 449812 

87.3589471 

2.8513 

295.625 

6.57593 

697.45 

60 

0 

5] 474582 

5] 451440 

87.32345re 

2.6276 

272.423 

6.63560 

666.23 

65 

0 

5] 472721 

5] 453168 

87.2701171 

2.3240 

240.945 

6.70867 

629.90 

70 

0 

5] 470796 

5J  454970 

87.19387re 

1.9497 

202.148 

6.80063 

586.97 

75 

0 

5] 468822 

5] 456847 

87.08473W 

1.5164 

157.229 

6.92172 

534.87 

80 

0 

5] 466816 

5] 458782 

86.91980« 

1.0373 

107.546 

7.09507 

468.24 

85 

0 

5] 464794 

5] 460761 

86.62549n 

0.5277 

54.612 

7.39437 

372.14 

86 

0 

5]  464388 

5]461161 

86.52935/1 

0.4222 

43.767 

7.49110 

345.51 

87 

0 

5] 463983 

5]  461562 

86.40498»i 

0.3170 

32.869 

7.61593 

313.94 

88 

0 

5] 463579 

5]  461964 

86.22937;^ 

0.2116 

21.936 

7.79188 

274.28 

88 

30 

5] 463376 

5] 462165 

86.1045571 

0.1587 

16.457 

7.91682 

249.20 

89 

0 

5] 463174 

5] 462366 

85.92870/i 

0.1059 

10.977 

8.09275 

217.73 

89 

30 

5] 462972 

5] 462568 

85.62756W 

0.0529 

5.487 

8.39394 

172.79 

89 

40 

5] 462905 

5] 462635 

85.4515871 

0.0353 

3.659 

8.56992 

150.96 

89 

50 

5] 462837 

5] 462703 

85.1505674 

0.0177 

1.830 

8.87095 

119.81 

89 

55 

5] 462804 

5] 462736 

84.8498571 

+  0.0088 

-  0.915 

9.17166 

95.12 

90 

0 

5]  462770 

5] 462770 

Inf.  nes;. 

O.OOltO 

0.000 

Inf. 

0.00 

-90 

5 

5] 462736 

5] 462804 

84.84985H 

-0.0088 

+  0.915 

9.17166 

95.12 

In  these  equations  /x  denotes  the  sum  of  the  masses  of 
the  earth  and  moon,  and  ^  =  1.0125.  The  mean  motion 
of  the  moon  in  a  Julian  year  \s  n  =  17325593". 54 ;  and  if 
we  multiply  this  by  sin  1",  we  shall  have  log  .  ti  =  1.9242630, 
in  which  n  is  given  in  parts  of  the  radius  as  unity.  There- 
fore we  shall   have    log  -  =  1.9188680.     Now  we    have 


/10.276  V      u-  1     •         1 
'^' =  (395637)'"'^^^'^  ^;^'^'°^' 


92.2433626.  The 
moon's  distance  a  =  60,  in  terms  of  the  earth's  radius  as 
unity 


Therefore  we  shall  have    log2«-'-=  13.0961093, 


iives  the  value  of  hr  in  feet  per  year.     We  also  have 
=  11.1117987,  which  gives  the  value  of  8y  in 


which 

log  •  9  • 

2        M 

seconds  per  year.      The  above  table  contains  the  values 

of  the  various  quantities  which  arise  in  connection  with 

the  problem,  all  of  which  are  self-explanatory,  with  the 

exception  of  the  last  two  columns  of  the  table.     In  these 

columns  R  denotes  the   ratio  of   the  eifective  tangential 

forces  due  to  the  two  tidal  spheres  on  the  opposite  sides  of 

the  earth  to  the  actual  tidal  tangential  force  due  to  either 

sphere  acting  by  itself  alone.     In  other  words, 
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R 


1-u' 


correctly  to  five  decimals ;  and  D  denotes  the  diameter  of 
a  sphere  in  feet,  of  the  mean  density  of  the  earth,  which, 
acting  alone  in  place  of  the  tidal  sphere  nearest  the  moon, 
would  be  the  exact  equivalent  of  both.  Tt  should  also  be 
mentioned  in  this  connection  that  in  the  values  of  u^  and 
m"  the  figure  which  precedes  the  bracket,  denotes  the  num- 
ber of  ciphers  between  the  decimal  point  and  the  first 
significant  figure  of  the  given  number.  The  argument  ;S, 
of  the  table  is  entirely  arbitrary,  and  denotes  the  angular 
distance  between  the  moon  and  the  tidal  sphere  that  is 
nearest  the  moon,  as  viewed  from  the  center  of  the  earth. 
When  the  tidal  sphere  is  to  the  west  of  the  moon  /3  is 
positive  ;  and  when  to  the  east  of  the  moon  it  is  negative. 

Having  computed  the  values  of  f  -r—  J .  the  logarithms  of 

Sr 
which  are  given  in  the  table,  we  find  the  logarithms  of  — 

by  adding  the  number  13.09611  to  it,  and  we  get  the  loga- 
rithms of  the  corresponding  numbers  in  the  table.  In  like 
manner  by  adding  15.11180,  we  get  the  logarithms  of  the 

values  of  —   in  which  i  denotes  centuries. 

By  means  of  this  table  of  exact  values  of  the  functions 
which  are  required  in  the  solution  of  the  problem,  we  can 
easily  determine  the  action  of  the  tidal  forces  as  concen- 
trated in  the  two  spheres,  upon  the  motion  of  the  moon, 
when  the  force  acts  at  any  given  angle  with  respect  to  the 
moon. 

As  a  first  example,  we  may  suppose  the  tidal  sphere  to 
be  situated  0°  30'  to  the  westward  of  the  moon,  in  which 
case  /?  =  +0°  30'.  In  this  case  we  find  in  the  first  line 
of  the  table  that  the  moon  would  approach  the  earth  at  the 
rate  of  0.0530  feet  annually,  and  would  also  be  accelerated 
in  its  motion  by  5". 496  .i^\  or  in  other  words,  it  would  be 
subjected  to  a  secular  acceleration  of  5". 496  per  century,  in 
longitude,  and  the  amount  would  increase  as  the  square  of 
the  number  of  centuries.  If  the  motion  of  the  tidal  sphere 
were  perfectly  uniform  the  effect  of  its  action  on  the  moon 
would  be  to  accelerate  its  motion  in  its  orbit,  and  thereby 
increase  the  effectiveness  of  the  tidal  force  by  increasing 
the  angle  /?. 

If  the  angle  /3  =  0°  0',  the  earth,  moon,  and  tidal  force 
would  be  situated  in  the  same  straight  line,  and  no  change 
of  position  would  result  from  their  mutual  attraction.  If 
the  tidal  force  were  situated  0°  30'  to  the  eastward  of  the 
moon  we  should  have  /3  =  —0°  30',  and  the  effects  of  the 
first  case  would  be  reversed ;  and  the  moon,  instead  of 
being  accelerated,  would  suffer  a  secular  retardation  of 
5".496  i'.  In  either  case  the  moon  would  be  carried 
further  from  the  position  of  equilibrium  ;  which  shows  that 
when  the  three  bodies  are  in  the  same  straight  line  the 
moon  is  in  a  position  of  unstable  equilibrium.     This  case 


is  analogous  to  that  of  two  planets  moving  at  the  same 
mean  distance  from  the  sun,  which  was  discussed  in 
No.  557  of  this  Journal ;  where  it  was  shown  that  when 
they  were  in  the  same  straight  line,  passing  through  the 
sun,  they  were  in  a  position  of  mutual  instability. 

In  Professor  Fekrel's  investigation  already  alluded  to, 
he  assumed  that  the  tidal  wave  was  situated  at  a  distance 
of  30°  to  the  eastward  of  the  moon,  and  was  two  feet  in 
height.  If  we  suppose  /3  =  —30°  0',  we  shall  have  the 
analogous  case  of  the  tidal  action  on  the  moon,  and  from  the 
table  with  the  argument  /3  =  — 30°,  we  find  S)'=2.6296  .  <, 
and  8y  =  — 272".636  .  •t'^ ;  which  show  that  the  assumed 
tidal  forces,  acting  at  that  angle  would  increase  the  moon's 
distance  from  the  earth  by  2.63  feet  per  year,  and  cause  it 
to  have  a  secular  equation  in  longitude  of  —  272".636 .  i-. 
Now  since  action  and  reaction  are  equal,  and  in  opposite 
directions,  it  follows  that  a  negative  secular  equation  of 
the  moon's  motion  from  this  cause  must  produce  Si.  positive 
secular  equation  of  the  tidal  sphere,  which  is  supposed  to 
be  attached  to  the  earth's  surface,  and  thereby  increase  the 
earth's  velocity  of  rotation.  In  other  words,  the  day  is  be- 
coming shorter  by  reason  of  tidal  friction.  This  conclusion 
is  exactly  contrary  to  Professor  Darwin's  views,  who 
regards  an  increasing  length  of  the  day  as  one  of  the  most 
fundamental  conceptions  of  the  theory  of  tidal  evolution. 

Professor  Darwin  gives  no  specific  examples  by  means 
of  which  the  effect  of  a  tidal  force  of  any  magnitude  acting 
under  sjiecified  conditions  upon  the  moon  could  be  deter- 
mined. Nor  does  he  intimate  at  what  angle  the  tidal  wave 
follows  the  moon  in  its  orbit ;  but  he  roughly  estimates  the 
time  at  which  the  moon  was  in  close  proximity  to  the  earth 
as  sixty  millions  of  years.  We  find  by  means  of  our  table 
that  the  angle  of  45°  between  the  moon  and  the  tidal  wave 
is  the  best  angle  for  efficient  tidal  action.  If  we  take  that 
as  the  proper  value  of  fi,  we  find  that  the  moon's  distance 
is  now  increasing  at  the  rate  of  3.0353  feet  per  year.  At 
that  rate  of  variation  the  moon's  distance  would  have 
varied  only  to  the  extent  of  about  34  600  miles  ;  while  if 
we  take  the  angular  distance  of  30°  which  was  employed 
by  Fekrel,  the  change  of  distance  would  amount  to  less 
than  30000  miles  in  sixty  millions  of  years.  It  follows 
from  this  calculation  that  sixty  million  years  ago  the  moon 
was  more  than  200  000  miles  from  the  earth,  instead  of 
being  very  close  to  its  surface,  as  Professor  Darwin  sup- 
poses. 

Again,  we  see  by  the  table,  that  when  ji  =  —45°  the 
assumed  tidal  tangential  forces  would  produce  a  nega- 
tive secular  equation  in  the  moon's  longitude  equal  to 
8(1  =  — 31 4". 690  r,  which  would  cause  the  moon  to  fall 
behind  its  mean  place  by  more  than  314"  during  the  first 
hundred  years.  These  figures  are  not  speculative,  but 
exact ;  and  since  there  is  no  evidence  that  the  moon  is 
subject  to  any  secular  retardation  whatever,  it  necessarily 
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follows  that  the  forces  whose  effects  we  have  tabulated, 
either  have  no  existence,  or  else  they  are  wholly  neutralized 
by  other  forces  of  a  less  tangible  nature.  It  also  follows 
from  the  table  that  there  can  be  no  forces  of  the  character 
here  considered,  which  operate  within  90°  to  the  eastward 
of  the  moon,  which  would  produce  a  secular  acceleration 
of  that  body.  Now  it  is  a  fundamental  conception  of  the 
theory  of  tidal  evolution  that  the  moon's  motion  should  be 
accelerated,  and  the  earth's  rotation  should  be  retarded  by 
the  action  of  the  tidal  forces ;  and  as  these  are  motions  or 
conditions  which  most  certainly  do  not  exist,  the  theory  on 
which  they  are  based  can  have  no  valid  foundation. 

We  have  already  observed  that  the  moon  would  be  in  a 
position  of  unstable  equilibrium  when  placed  directly  over 
the  disturbing  body;  and  we  see  by  the  table  that  it  would 
move  more  and  more  rapidly  to  the  westward  until  it 
reached  an  angular  distance  of  45°  from  the  tidal  force, 
when  its  motion  would  begin  to  become  slower,  and  gradu- 
ally diminish,  until  when  it  reached  the  angle  of  90°  it 
would  cease  entirely.  And  if  from  any  cause  it  should 
pass  beyond  90°  the  secular  equation  would  be  reversed, 
and  bring  it  back  to  the  90°  point,  where  it  would  perma- 
nently remain.  This  shows  that  the  point  of  stable  equi- 
librium is  not  in  the  line  joining  the  two  tidal  spheres,  but 
in  a  line  which  is  perpendicular  to  the  middle  of  that  line. 

Transferring  our  analysis  to  the  moon  it  would  show 
that  the  longest  axis  of  the  lunar  spheroid  is  not  directed 
towards  the  center  of  the  earth,  but  is  at  right  angles  to 
the  line  joining  the  centers  of  the  earth  and  moon.  It 
seems  strange  that  Sir  Isaac  Newton  should  have  mis- 
taken the  point  of  unstable  equilibrium  for  that  of  stable 
equilibrium  ;  and  perhaps  stranger  still  that  his  statement 
should  have  been  accepted  as  correct  by  all  succeeding 
astronomers  during  a  period  of  more  than  two  hundred 
years.  For  it  is  easy  to  see,  independently  of  analysis,  that 
when  the  moon  is  situated  in  the  straight  line  joining  the 
centers  of  the  earth  and  the  two  tidal  spheres,  it  is  unsym- 
metrically  situated  with  respect  to  the  forces  which  act 
upon  it ;  whereas,  it  is  symmetrically  situated  when  those 
forces  are  at  right  angles  to  that  line. 

This  fact,  however,  does  not  invalidate  Newton's  state- 
ment that  the  same  face  of  the  moon  is  kept  constantly 
towards  the  earth  by  reason  of  the  moon's  spheroidal  form  ; 
but  it  shows  that  the  moon,  like  an  egg,  or  a  prolate  sphe- 
roid, cannot  be  balanced  upon  its  end ;  and  the  phenomena 
concerning  the  moon's  libration  remain  the  same.  It  is 
not  the  purpose  of  this  article  to  discuss  the  action  of  the 
moon  upon  the  tides ;  but  rather  the  action  of  the  tides 
upon  the  moon.  There  is,  however,  one  feature  of  the 
theory  of  the  tides  that  is  so  universally  accepted,  and  at 
the  same  time  so  obviously  erroneous,  that  I  may  inci- 
dentally speak  of  it  in  this  place ;  and  that  is,  that  the 
necessary  effect  of  the  attraction  of  the  sun  or  moon  upon 


the  waters  of  the  ocean  is  to  heap  them  up  directly  under 
the  attracting  body.  In  this  case,  if  the  bodies  were  fluid 
and  without  rotation,  they  would  obviously  assume  the 
form  of  a  prolate  spheroid  whose  longer  axis  would  be 
directed  towards  each  other.  But  we  have  already  seen 
that  such  a  position  would  be  one  of  unstable  equilibrium; 
and  consequently  could  not  exist  in  nature.  The  form 
which  the  surface  of  the  water  would  assume  under  the 
given  conditions  would  be  that  of  an  oblate  spheroid, 
whose  shorter  axis  would  be  directed  towards  the  attract- 
ing body ;  and  consequently  it  ought  to  be  low  water  under 
the  attracting  body.     This  may  be  proved  as  follows :  — 

We  have  already  seen  that  the  perturbations  of  the 
radius-vector  of  a  body  moving  around  the  earth  and  near 
its  surface,  would  be  given  by  equation  (5).  Now  when 
the  attracting  body  is  directly  over  or  under  the  attracted 

body  we  have  cos  2  (w<— mV)=— 1,  and  g?'=+a^.     On 

A* 
the  other  hand,  when  the  two  bodies  form  a  right  angle  at 

the  center  of  the  earth  we  have    cos  2  {nt  —  n't)  =  —1,   and 

Sr  =  +a  — ;  and  these  results  show  that  the  longer  axis 

/A 
of  the  orbit  described  would  be  at  right  angles  with  the 

radius-vector  of  the  attracting  body.  If  we  now  suppose 
the  orbit  to  revolve  around  its  shorter  axis  it  would  de- 
scribe the  surface  of  equilibrium,  which  would  be  that  of 
an  oblate  spheroid  whose  shorter  axis  would  be  directed 
towards  the  attracting  body. 

We  shall  now  examine  the  question  of  the  reality  of  the 
forces  whose  effects  we  have  computed  and  tabulated.  If 
they  are  found  to  be  real,  and  not  neutralized  by  other 
forces  of  a  less  tangible  nature,  the  results  we  have  found 
must  take  place. 

For  this  purpose  let  tis  assume  the  earth  to  be  a  perfect 
solid  sphere,  and  free  from  all  inequalities  of  surface.  On 
this  supposition  there  would  be  no  tangential  forces  to  act 

upon  the  moon,  and  we  should  have  [  -y- )  =  0.     We  will 

further  suppose  that  the  earth  rotates  on  its  axis  at  the 
same  rate  as  the  moon  revolves  in  its  orbit,  so  that  the 
moon  remains  constantly  over  the  same  point  of  the  earth's 
surface.  Now  suppose  we  build  upon  the  earth's  surface  a 
pyramid,  or  construct  a  solid  globe  having  the  same  mean 
density  as  the  earth,  and  situated  at  an  angular  distance 
of  45°  to  the  eastward  of  the  moon.  We  find  by  the  table 
for  /3  =  -45°,  that  D  =  747.92  feet.  Now  this  is  the 
diameter  of  a  sphere  which,  acting  alone,  would  have  the 
effective  force  of  the  two  tidal  spheres  of  water  of  more 
than  thirty-six  miles  in  diameter,  and  acting  at  the  same 
angle  upon  the  moon.  If  such  a  sphere  of  748  feet  in 
diameter  creates  a  positive  tangential  force,  the  excavation 
from  which  the  materials  of  the  pyramid  or  globe  were 
taken  must  create  an  equal  negative  tangential  force,  and 
the  two  forces  would  exactly  neutralize  each  other.     Now 
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in  the  case  of  nature  every  tidal  wave  or  elevation  of 
water  above  the  general  level  of  the  ocean  is  at  the  ex- 
pense of  a  precisely  equal  amount  from  below  the  general 
level ;  and  if  the  elevated  water  creates  a  positive  tangen- 
tial force  the  shallows  of  the  ebb  must  create  a  precisely 
equivalent  negative  tangential  force,  and  the  two  would 
exactly  neutralize  each  other. 

If  this  reasoning  is  correct,  it  would  necessarily  follow 
that  the  tidal  tangential  forces  which  have  occupied  the 
Cleveland,  Ohio,  1905  March  2. 


attention  of  philosophers  and  physicists  during  the  past 
sixty  years  are  imaginary  rather  than  real;  and  the 
conclusions  which  have  been  correctly  drawn  from  the 
theory  of  tidal  friction  will  be  as  imaginary  as  the  forces 
which  produce  them.  We  therefore  conclude  that  the 
theory  of  tidal  evolution  has  no  logical  foundation ;  and 
that  the  splendid  structures  of  world-making  which  have 
been  based  upon  it  must  be  regarded  as  mere  philosophical 
romances. 


MICEOMETRICAL    OBSERVATIONS    OF    THE    SATELLITE    OF   NEPTUNE  AT 

THE   OPPOSITIONS   OF   1903-190i, 


MADE   WITH   THE   40-INCH    REFRACTOK, 


By  E.  E.  BARNARD. 


The  following  are  all  the  observations  I  have  been  able 
to  secure  of  the  Satellite  of  Neptune  at  the  past  two  op- 
positions. They  are  a  continuation  of  previous  observa- 
tions printed  in  the  Astroyiomical  Journal,  No.  538  and 
previously. 

Fewer  observations  have  been  obtained  than  at  previous 
oppositions  because  less  time  has  been  available  for  the 
work  and  the  conditions  have  been  worse. 

The  measures  refer  to  the  center  of  the  disc  and  have 
been  uniformly  made  with  a  power  of  700.  The  parallel 
for  the  position-angles  has  always  been  obtained  with  the 
planet  itself  at  the  observations.  No  refraction  corrections 
have  been  applied.  The  micrometer  threads  were  reversed 
in  the  seconds  sets  of  distances. 

Sometimes  I  have  thought  the  Satellite  was  brighter  in 
the  past  few  oppositions. 


Central 
Stami.  Time  Pos.  Ang.   Dist.  C'omp. 


Ana 


31     16  40  21 
16  44  29 


119.97 


13.99      2     Very  uncertain. 


Sept.  21 


15  6  56  283.66 
15  11  7  ... 
15  15  3  ... 


15.61 
15.63 


5     Satellite  bright. 
5     Small   star   16"   n.p. 
Neptune   ^5"    less 
"^        than  Satellite. 


28  14  39  48  235.59 
14  45  9  ... 
14  48  42  ... 


Oct.  13 


13  20  32 
13  26  28 
13  30  6 


308.99 


19  14  42  13  24.00 
14  48  40  ... 
14  52  39  ... 

20  11  37  56  312.51 
11  43  7  ... 
11  47  11  ... 


.  .  6 
13.43  4 
13.53  4 


12.36 
12.30 


11.71 
11.50 


Satellite    faint  from 
thick  sky. 


Satellite    fairly   well 
seen. 


6    Satellite  difficult. 


13.10 
13.07 


Oct.    26 


Central 
Stand.  Time  Pos.  Ang 

14''5r40     296^46 

14  57  16      ... 

15  1  18      ... 


27  13  37  0  256.16 
13  42  17  ... 
13  46  38     ... 


Nov.  9 


24 


Dec.  14 


21 


22 


1904 

Jan.  3 


19 


12  45  38 
12  52  19 
12  56  59 


21  14  8  43 
14  16  47 
14  19  35 


12  28  28 
12  34  2 

12  38  10 

10  34  33 
10  40  4 

10  43  38 

11  38  48 
11  43  11 
11  45  59 

9  35  52 
9  40  20 
9  42  56 

13  48  47 
13  53  31 
13  57  0 

7  32  29 
7  40  38 
7  48  18 


171.58 


146.41 


328.18 


203.89 


113.14 


105.70 


54.80 


149.70 


Dist.  Comp. 

.  .  5  Difficult- 

14.45  5 

14.64  5 

.  .  6 

15.81  5 

15.96  5 


11.07 
10.78 


12.15 
12.20 


11.39 
11.28 


15.18 
15.31 


16.86 
17.00 


14.31 
13.99 


10.96 
11.03 


6     Excessively  difficult. 

4 

4 


.    .        7     Satellite    very    diffi- 
12.16     5        cult. 
12.06     5 


5    Satellite    very    faint 
g        from  bad  seeing. 


6    Excessively  difficult. 

4 

5 


Satellite   fairly  well 
seen. 


Seeing  excessively 
bad.  But  obser- 
vation good. 


Excessively  difficult 
from  moonlightand 
bad  seeing.  Temp. 
—  7°. 

Excessively  difficult. 
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Central 
Stand.  Time 

Pos.  Ang. 

Dist.  Comp 

1901 

Central 
Stand.  Time 

bras 

Pos.  Ang. 

Dist.  Comp 

1904 

Jan.    26 

ll''52'"l0 
11  55  46 
11  58     1 

81°54 

iV.OS 
17.14 

7 
4 
5 

Temp.  =  — 11°.0F. 

Nov. 

5 

12 

11  20  44 
11  28  54 
1133    8 

13  22  39 

31L32 
257.72 

13.20 
13.43 

8 
5 
5 

5 

Satellite  bright. 

Feb.     2 

8  56    5 

9  2  19 
9    6    1 

28.46 

12.04 
11.99 

7 
5 
5 

Satellite  well  seen. 

14 

13  26  27 
13  29  22 

13  42  50 

115.02 

15.97 
16.17 

4 
4 

5 

15 

11  36  23 

284.49 

6 

Satellite     faint    and 

13  48  21 

15.89 

4 

11  41  26 
11  44  29 

15.05 
15.74 

4 
4 

difficult,  but  obsn. 
good.  Temperature 
=  —  11°. 

21 

13  50    8 
11  49  15 

71.06 

15.34 

5 
6 

16 

11  36  49 
11  41  22 

242.44 

15.41 

5 
5 

Temperature  = — 5°. 

11  54  10 
11  57    7 

15.77 
15.96 

4 
4 

11  45  47 

15  42 

5 

26 

11  48  19 
11  52  28 

107.28 

16.02 

5 

5 

April    4 

8    0  20 
8    5  13 

186.43 

10.84 

6 
4 

11  55  53 

16.21 

5 

8    7  50 

10.88 

4 

28 

13  17  39 
13  21  30 

343.27 

11.46 

5 
4 

18 

8  49  57 

54.70 

5 

13  24    7 

11.42 

4 

8  55    2 
8  58    7 

13.94 
13.90 

4 

4 

Dec. 

5 

11  10  31 

280.25 

5 

11  14  38 

16.15 

4 

11  17  38 

16.45 

4 

19 

9  22    5 

335.18 

5 

9  26  11 

10.91 

4 

10 

11  33  37 

328.81 

5 

9  29    5 

10.32 

4 

11  36  48 
11  40    1 

12.08 
12.44 

4 
4 

May     3 

8    8    2 

36.2 

3 

Seen     by     glimpses, 

too  low.  The  angle 
may  be  216°.2. 

12 

12  22  11 

12  27  26 

226.08 

13.60 

6 
4 

Oct.    15 

13  58  26 

14  5  26 

153.39 

li.69 

6 
5 

12  31  38 

13.06 

4 

14  13  16 

11.61 

7 

31 

9  20  39 
9  25    5 

125.21 

14.41 

7 
4 

Satellite  bright  but 
difficult  from  bad 

17 

13  43  42 
13  48  39 

231.25 

14.03 

6 
4 

Satellite  is  bright. 

9  28  17 

14.39 

5 

seeing. 

13  52  17 

13.88 

5 

Obskkvations 

OF  Nejitune  and  a 

10«.0  Star. 

1904 

h       m     8 

o 

// 

Feb. 

15 

11  48    7 

59.85 

5 

Star  follows.      Esti- 

22 

16  35  19 

88.41 

6 

Satellite  bright  and 

11  51  44 

30.78 

4 

mated  mag.  lO.S. 

16  40  16 

16.83 

4 

easy. 

11  55  11 

29.99 

16  43    7 

16.88 

4 

16 

11  50  21 

81.76 

5 

Same    star    as    last 

29 

13    2    4 
13    6  28 

38.20 

12.25 

6 
5 

Satellite  fairlybright, 
but  moon  near. 

11  54  47 
11  58    9 

79.07 
78.96 

4 
4 

night.  Estimated 
mag.  9.9. 

13    9  52 

12.26 

5 

0 

BSERVATiONS  OF  Neptune  and 

A  7"  Star. 

31 

13  30    7 

266.71 

6 

Satellite  quite  bright 

1901 

Dec.      5 

ll'37"'55 

282.84 

5 

Star  preceding. 

13  35  34 

16.44 

4 

in  spite  of  the  bad 

11  43  43 

175.96 

5 

13  38  53 

16.34 

4 

seeing. 

1 

11  47  18 

175.42 

5 

Terk 

es  Observatu 

ry,  1905  Jan.  1. 
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OBSEKVATIONS   OF   THE   SATELLITES   OF    SATURN'  IX   1905, 

MADE    WITH    THE   26-INCH    EQUATORIAL   AT   THE    U.S.  NAVAL    OBSERVATORY, 

By  J.  C.  HAMMOND. 
[Communicated  by  the  Superinteudent.] 


In  the  following  observations,  the  position-angles  are 
taken  about  the  inner  satellite  of  each  pair.  Usually  eight 
settings  in  position-angle,  and  eight  measurements  of  dis- 
tance were  made.  A  magnifying  power  of  400  diameters 
was  used  unless  otherwise  stated.  When  lapetus  is  near 
elongation,  its  distance  from  Titan  makes  it  necessary  to 
slide  the  eye-piece  in  measuring  position-angle  and  distance, 
and  it  was  thought  preferable  at  these  times  to  observe 
differences  in  right-ascension  and  declination  by  the  method 
of  transits.  The  printed  differences  in  a  and  8  are  in  the 
sense  lapetus  minus  Titan.  They  have  been  corrected  for 
the  motion  of  Saturn  during  the  interval  between  the  tran- 
sits of  the  satellites. 

The  micrometer  was  not  disturbed,  except  on  July  14, 
when  it  was  removed  to  replace  a   broken  thread.      The 


parallel  was  determined  at  the  eud  of  each  night's  work, 
and  was  constant,  except  for  the  change  due  to  the  removal. 
The  following  values  of  the  correction  for  parallel  were 
adopted  : 


From  July    9  to  July  11 
"     16  to  Oct.  30 


+  0.060 
+  0.401 


(  2  determinations) 
(31  "  ) 


Bright  wire  illumination  was  used  during  the  entire 
series  of  observations.  The  value  of  one  revolution  of  the 
screw  is  the  same  as  that  hitherto  used  : 

1  rev.  =  9".9310  -  0".00005  {t-od"  Fahr.) 

In  the  last  column  is  given  the  condition  of  the  seeing, 
the  following  abbreviations  being  used  :  b  =  bad,  p  =  poor, 
/  =  fair,  (J  =  good,  and  e  =  excellent  seeing. 


Date        Wash.  M.T. 


Tethijs-Rhea. 


1 

2 

1905 

July  9 
17 

3 

18 

4 

25 

5 

26 

6 

7 

Aug.  1 
3 

8 

5 

9 

19 

10 

21 

11 

23 

12 

27 

13 

31 

14 
15 

Sept.  6 

7 

16 

8 

17 

9 

18 

14 

14  11  0 

278.81 

13  19  6 

195.77 

13  7  55 

273.60 

12  26  6 

98.96 

12  50  37 

266.32 

14  7  42 

296.42 

12  59  49 

94.99 

13  16  51 

282.20 

12  17  10 

276.68 

12  0  56 

106.56 

11  18  9 

272.34 

10  27  57 

268.52 

10  43  50 

257.07 

11  9  36 

290.49 

10  26  0 

9.21 

10  3  13 

92.70 

10  40  58 

238.78 

10  50  47 

192.36 

14  11  8 
13  19  12 

13  7  50 
12  26  8 
12  50  43 

14  7  46 

12  59  49 

13  16  41 
12  17  18 
12  0  59 
11  18  20 
10  28  42 

10  43  43 

11  9  55 
10  26  3 
10  3  31 
10  41  8 
10  50  47 


112.92 

e 

19 

Sept.  15 

6.23 

f 

20 

16 

109.16 

f 

21 

18 

119.56 

h 

22 

24 

57.70 

9 

23 

25 

46.63 

9 

24 

26 

99.86 

e 

25 

27 

45.54 

9 

26 

28 

80.80 

V 

27 

30 

54.42 

e 

28 

Oct.   1 

118.23 

e 

29 

4 

97.21 

P 

30 

5 

30.91 

f 

31 

7 

58.39 

f 

32 

8 

7.18 

f 

33 

14 

108..57 

9 

34 

16 

34.57 

e 

35 

17 

14.56 

P 

10  42  47 

280.46 

10  42  48 

117.19 

9  50  42 

84.00 

9  50  58 

56.20 

11  14  49 

132.64 

11  14  56 

37.81 

8  57  49 

273.53 

8  58  2 

91.92 

9  35  51 

62.89 

9  37  5 

42.15 

9  10  6 

102.08 

9  10  11 

51.82 

9  5  38 

105.80 

9  5  55 

57.06 

9  21  33 

270.69 

9  21  4 

114.49 

9  2  44 

56.06 

9  2  51 

14.72 

8  43  21 

100.16 

8  43  43 

113.62 

8  38  50 

305.00 

8  38  48 

41.12 

8  20  1 

97.23 

8  20  3 

113.56 

8  35  30 

259.07 

8  35  45 

52.13 

8  19  50 

292.84 

8  19  42 

68.30 

7  50  44 

90.60 

7  51  12 

107.89 

7  41  11 

265.10 

7  41  11 

25.67 

7  35  58 

280.74 

7  36  1 

98.97 

(43) 
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Date 


Wash.  M.T. 


Wash.  M.T. 


s 

Rem. 

No. 

Wash.  M.T. 


Wash.  M.T. 


1905 

July  9 
17 
18 
25 
26 

Aug.  1 
3 
5 
21 
23 
27 
31 

Sept.    3 


July     9 
17 


Aua 


18 


18 

19 

21 

23 

27 

31 

Sept.    7 

8 

9 

15 


July     9 

Aug.     1 

3 

19 


1  I  July     9 

2  I  Aug.     3 


July 

10 
17 

Aug. 

3 
5 

19 

21 

23 

Sept 

3 

8 

13  32  29 
12  17    2 


Aug.  3 
18 
21 


Tethys-Dione. 


13  48  36 

263.26 

12  36  28 

96.10 

13  18  29 

272.55 

12  14  2 

98.47 

13  1  29 

275.21 

13  56  35 

301.69 

12  48  42 

266.66 

13  29  18 

96.29 

11  52  11 

98.99 

12  28  10 

279.24 

11  8  28 

151.40 

11  6  22 

281.76 

10  34  5 

278.13 

10  47  42 

126.75 

9  52  44 

283.99 

11  12  44 

314.22 

0  16 

282.65 

24  64 

270.43 

43  37 

278.79 

7  27 

100.27 

14  2 

110.57 

37  15 

284.27 

11  1 

94.38 

39  55 

278.51 

0  54 

262.26 

1  8 

286.52 

9  36 

112.05 

6  43 

261.74 

37  20 

272.50 

54  48 

113.01 

37  4 

315.89 

14  20 

95.46 

51  9 

230.22 

53  54 

279.82 

96.48 
142.28 


13  48  40 

12  37    4 

13  18  41 

12  14  15 

13  1  35 
13  56  22 

12  48  47 

13  29  20 

11  52  13 

12  28  18 
11  8  47 
11  6  32 
10  34  28 

10  47  57 
9  52  37 

11  12  50 


14  0  46 
12  25  10 

12  43  41 

13  7  28 
13  14    9 

12  37  32 

13  11  28 
13  40  2 
12  1  9 
12  1  10 
12  9  49 
11  643 
10  37  37 
10  55  15 
10  37  36 
10  14  19 
10  50  51 
10  54  10 


24.74 

e 

17 

1905 

Sept.  15 

59.83 

f 

18 

16 

87.62 

f 

19 

18 

100.41 

b 

20 

24 

89.10 

U 

21 

25 

31.80 

U 

22 

26 

9.80 

e 

23 

30 

89.22 

<J 

24 

Oct.   1 

23.33 

e 

25 

4 

76.56 

e 

26 

5 

7.22 

a 

27 

7 

88.87 

p 

28 

8 

25.45 

u 

29 

14 

28.17 

f 

30 

16 

32.10 

u 

31 

17 

6.19 

e 

32 

30 

Dione-Rhea. 


89.96 

e 

19 

61.72 

f 

20 

22.73 

f 

21 

19.93 

f 

22 

33.03 

9 

23 

16.20 

g 

24 

110.10 

e 

25 

133.44 

(1 

26 

83.03 

f 

27 

96.15 

P 

28 

31.14 

e. 

29 

41.26 

e 

30 

102.58 

f 

31 

62.60 

f 

32 

33.53 

f 

33 

139.67 

e 

34 

34.03 

e 

35 

132.86 

e 

36 

Sept.  16 
18 
21 
22 
24 
25 
26 


Oct. 


Enceladus-  Tethys. 


13  49  10 

277.28 

13  30  52 

271.01 

12  39  12 

116.03 

13  6  10 

267.39 

12  29  51 

303.44 

11  7  14 

89.06 

11  27  25 

21.58 

10  24  32 

282.64 

10  58  30 

304.06 

9  42  57 

148.78 

13  48  59 

60.26 

!7 

11 

13  30  38 

60.31 

f 

12 

12  39  25 

8.56 

e 

13 

13  6  34 

61.87 

0 

14 

12  29  19 

22.25 

P 

15 

11  7  31 

59.94 

e 

16 

11  27  45 

3.67 

e 

17 

10  24  49 

49.51 

0 

18 

10  58  43 

6.28 

P 

19 

9  43  13 

13.65 

V 

20 

^En 

celadus  ve 

ry  fain 

t;  poo 

10  31  40 

93.65 

9  41  18 

194.24 

11  4  18 

109.66 

9  9  20 

244.35 

9  21  35 

344.18 

9  0  5 

113.02 

8  38  38 

274.36 

8  32  9 

88.80 

9  2  34 

72.18 

8  56  44 

153.86 

8  25  12 

103.56 

7  59  56 

276.90 

7  30  48 

305.90 

7  31  3 

114.33 

8  7  59 

283.09 

7  0  53 

265.24 

Sept 

9 

14 

16 

18 

25 

30 

Oct. 

4 

8 

17 

30 

Mimas— Enceladus. 


13  17  46 

254.93 

12  25  44 

91.93 

12  5  41 

172.43 

11  47  54 

98.40 

13  18  30 
12  25  52 
12  6  9 
11  47  38 


7.44 

e 

5 

59.73 

g 

6 

6.31 

e 

7 

65.67 

P' 

8 

Aug.  21 

27 

Sept.  21 

Oct.      8 


10  44  56 

11  18  43 
11  37  45 

8  42  45 


1  Mimas  very  faint.         -  Comparisons  4,  S. 


Mimns-  Tethys. 
13  33    3  I    11.38  I     e     I     3  j  Aug.  21 
12  17  28      12.44       e  4  27 


Mimas- IHone. 


12  27  33 

202.32 

12  49  18 

87.24 

11  14  20 

94.42 

12  27  44 
12  49  1 
11  17  50 
'  Comparisons  4,  8. 


Aug.  27 
Sept.  21 


2  Mima-i  very  faint. 


10.97 

e 

4 

56.77 

f 

5 

69.74 

e» 

10  55  16 

11  28  32 


11  39  47 
11  28  28 


256.51 
335.50 
103.45 
269.26 


91.41 
93.20 


111.05 
116.94 


10  31  52 

15.92 

9  41  29 

10.99 

11  4  23 

64.99 

9  9  19 

35.96 

9  21  37 

18.76 

9  0  11 

30.08 

8  38  48 

102.09 

8  32  46 

77.47 

9  2  51 

19.44 

8  57  26 

18.97 

8  25  20 

77.36 

8  0  4 

60.15 

7  30  57 

24.68 

7  31  43 

19.65 

8  7  43 

66.53 

7  19 

69.05 

10  0  16 

75.05 

11  32  38 

263.91 

9  50  6 

71.24 

9  38  10 

103.30 

8  48  0 

288.88 

9  10  13 

87.44 

9  20  1 

87.86 

9  20  28 

103.40 

8  49  34 

89.70 

8  54  23 

123.30 

8  22  45 

288.74 

8  31  36 

88.40 

8  46  57 

274.01 

8  30  4 

350.64 

8  16  26 

94.80 

7  40  16 

96.89 

7  52  6 

277.97 

7  20  46 

277.29 

10  0  22 

62.96 

11  32  34 

32.30 

9  50  17 

50.64 

9  38  21 

118  33 

8  47  50 

66.53 

9  10  27 

40.07 

9  19  51 

24.06 

9  19  55 

66.44 

8  49  15 

113.78 

8  54  23 

38.29 

8  22  55 

53.69 

8  30  15 

99.59 

8  47  2 

125.71 

8  29  55 

19.25 

8  16  19 

46.03 

7  40  19 

126.82 

7  51  57 

43.00 

7  20  53 

30.44 

2  57 

85.72 

13  15 

276.27 

29  26 

310.97 

52  39 

279.48 

58  8 

266.94 

26  19 

97.71 

50  12 

100.82 

9  38 

102.48 

51  29 

76.04 

60  44 

85.45 

11  247 

60.10 

10  12  53 

82.02 

9  29  33 

11.47 

10  52  56 

66.62 

8  69  39 

58.23 

8  26  19 

73.44 

8  50  15 

73.19 

8  9  42 

47.65 

7  51  23 

7.40 

6  51  4 

53.08 

10  55  29 

11  28  35 


11  38  11 
11  28  18 


45.18 
16.98 


20.43 
37.84 


P' 

g 

e 
P 
P' 
f 


10  45  8 

12.46 

11  19  5 

6.90 

11  41  40 

54.36 

8  42  50 

7.57 

g' 

r 
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Wash.  M.T. 


Wash.  M.T. 


1905  h       in     9  o 

Aug.  1  I  1.3  39  15  I  292.85 
18  11  48  18  258.57 


July  9 
17 
18 
25 
26 
31 

Aus.  1 


18 
19 
21 
23 
27 
29 
31 
Sept.  6 


July  25 
31 

Aug.  6 
21 
27 
29 
30 
31 

Sept.  18 
21 


July  17 
18 
25 
26 
31 

Aug.  1 
3 
5 
23 
27 
29 
30 


Aug.  18 
19 
21 

Sept.  24 
25 
26 
27 
28 


14  25  40 
12  49  31 
12  55  22 

12  37  42 

13  28  1 
12  38  43 

12  48  16 

13  23  48 

14  2  54 
12  13  0 
11  22  46 

11  43  0 

12  15  28 
11  53  1 
11  5  13 
10  33  12 

10  33  28 

11  9  57 

10  34  47 

11  22  52 


98.52 

283.51 

293.57 

99.08 

98.82 

272.49 

270.73 

283.08 

77.57 

286.75 

289.55 

302.63 

90.00 

100.32 

208.62 

271.40 

78.08 

81.63 

75.38 

87.81 


13  39  7 
11  48  31 


14  25  15 
12  49  26 
12  54  59 

12  37  50 

13  28  44 
12  38  45 

12  48  29 

13  23  59 

14  2  53 
12  13  25 
11  23  6 

11  43  31 

12  15  49 
11  53  5 
11  5  36 
10  33  32 

10  33  48 

11  10  25 

10  35  49 

11  22  58 


12  54  18 

348.96 

13  12  59 

98.14 

12  38  4 

263.14 

11  29  24 

119.92 

10  62  48 

273.96 

10  45  46 

281.55 

10  11  23 

287.88 

10  19  5 

304.90 

10  26  37 

194.29 

9  19  10 

266.86 

13  3  48 

261.12 

13  29  44 

260.78 

13  22  46 

270.09 

13  44  54 

270.94 

12  50  20 

121.88 

12  59  40 

109.01 

13  36  56 

155.82 

13  51  6 

113.74 

12  39  9 

87.44 

12  15  37 

80.16 

11  20  52 

82.80 

10  28  51 

84.60 

12  55  18 

13  13  24 
12  39  11 
11  29  27 
10  53  29 
10  45  48 
10  11  56 
10  18  51 
10  27  4 

9  19  36 


13  4  5 
13  29  58 
13  22  55 
13  46  29 
12  50  22 

12  59  39 

13  36  59 
13  51  15 
12  39  22 
12  15  37 
11  21  2 
10  29  23 


31.17 
30.64 


Mimas-Rhea. 

1905  h         111        8  O 

g     I     3  I  Aug.  19  I  11  34  18  I  286.22 
/    I     4  I  Sept.  21  I  11  16  48  |    91.10 
'  Power  175. 

Eheu-Titan. 

Sept.  14 
15 
18 
21 
22 
24 
26 


258.06 

e' 

21 

154.60 

f 

22 

58.29 

f 

23 

106.95 

h 

24 

164.32 

g 

25 

103.49 

p 

26 

124.60 

g 

27 

210.47 

e 

28 

95.31 

g 

29 

116.88 

f 

30 

64.08 

p 

31 

80.90 

e 

32 

229.41 

e 

33 

193.54 

g 

34 

53.72 

b 

35 

134.12 

f 

36 

91.72 

f 

37 

66.02 

f 

38 

68.65 

e 

39 

182.73 

e 

Oct. 


'  Power  17.1.         -Comparisons  4,  S. 


Titan-H yperion. 


36.85 
310.50 
265.04 
171.58 
306.36 
230.60 
161.05 

81.74 

30.17 
148.71 

1  Power 


P' 
P' 


f 

175 


Sept. 


Oct. 


-  Hyperion  difficult. 


Titan-Iapetus. 


372.75 

r 

13 

403.16 

r 

14 

548.43 

r 

15 

472.98 

'i' 

16 

41.35 

p 

17 

103.14 

g 

18 

178.25 

e 

19 

92.57 

g 

20 

401.87 

e" 

21 

376.43 

n' 

22 

464.95 

i> 

23 

508.29 

61 

24 

Aug. 

31 

Sept 

6 

8 

9 

14 

15 

18 

21 

22 

Oct. 

17 

21 

11  34  38  I    40.84 
11  17    1      95.33 


10  29  26 

123.78 

11  15  37 

185.51 

11  43  51 

281.09 

9  35  29 

287.02 

9  48  54 

320.14 

8  36  51 

91.08 

9  31  8 

98.19 

8  54  48 

96.57 

9  9  29 

102.05 

9  12  28 

236.61 

9  5  56 

265.75 

9  13  28 

271.52 

8  45  37 

279.00 

8  67  35 

28.43 

8  62  27 

77.47 

8  27  25 

69.11 

8  0  53 

129.49 

8  7  1 

121.40 

8  26  19 

210.64 

22  26 

272.27 

46  46 

120.43 

40  51 

173.05 

54  29 

66.00 

8  19 

88.83 

11  5 

93.43 

58  7 

101.32 

13  54 

98.84 

18  24 

274.03 

12  33  43 

+  47.50 

11  3  24 

+  45.55 

12  23  57 

+  36.68 

9  26  50 

-43.21 

9  68  21 

-46.98 

9  47  53 

-48.60 

9  40  49 

-48.17 

9  37  42 

-45.77 

1  Power  175. 
Titan-Iapetus  —  (rectangular). 
12  33  43     -   9.4       /i        9     Sept.  30 

11  3  24     -14.0       p-      10     Oct.      1 

12  23  57  -  7.8  e'  11  4 
9  25  60  -23.4  />  12  5 
9  58  21  -  7.0  p^  13  7 
9  47  63  +  6.9  e^  14  8 
9  40  49  +17.6  y  15  9 
9  37  42     +24.0       if      16               14 

1  Power  175 ;  comparisons  25,  5. 


10  29  11 

50.73 

11  15  22 

40.23 

11  43  52 

192.06 

9  35  40 

121.48 

9  48  49 

65.29 

8  37  28 

226.27 

9  31  5 

110.54 

8  54  57 

151.37 

9  9  40 

204.74 

9  12  32 

76.68 

9  5  48 

142.10 

9  13  41 

187.83 

8  46  2 

244.11 

8  57  22 

44.91 

8  52  11 

74.45 

8  27  24 

43.44 

8  0  59 

57.93 

8  11  11 

67.39 

8  26  28 

49.76 

9  22  1 

185.84 

8  46  55 

96.68 

8  40  43 

46.89 

8  55  24 

88.18 

8  8  7 

234.16 

8  1160 

290.22 

9  59  40 

319.97 

7  16  9 

390.28 

7  18  55 

270.90 

11  19  55 

86.59 

10  50  44 

96.88 

11  21  24 

101.39 

10  24  3 

271.02 

11  34  17 

277.22 

10  39  54 

282.88 

11  4  2 

280.38 

10  39  24 

256.84 

10  4  66 

261.56 

10  3  33 

264.06 

8  43  46 

287.02 

7  32  8 

224.84 

11  20  18 

542.18 

10  61  3 

175.66 

11  21  51 

68.28 

10  24  1 

39.82 

11  34  14 

123.78 

10  40  8 

151.68 

11  4  9 

119.59 

10  39  32 

127.61 

10  6  11 

356.71 

10  3  27 

458.75 

8  43  47 

76.15 

7  32  27 

159.62 

9  30  4 

-37.38 

10  13  6 

-32.46 

9  3144 

-24.14 

9  12  35 

-24.59 

9  12  50 

-29.80 

9  11  22 

-33.33 

8  42  17 

-36.27 

8  16  41 

-27.00 

9  30  4 

+  19.1 

0  13  6 

+  7.8 

9  31  44 

-37.2 

9  12  35 

-48.9 

9  12  60 

-64.3 

9  11  22 

-47.6 

8  42  17 

-35.6 

8  16  41 

+  34.5 

p 

r 


p- 

e 

r 
f 
p 
r 
p' 
r 


p' 
f 
f 


p' 
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PHENOMENA   OF   JUPITER'S  SATELLITES, 

OBSERVED    AT   THE   AMHERST   COLLEGE    OBSERVATORY, 

By  ROBEKT  H.  BAKER. 


The  observations  were  made  with  the  6-inch  Pope 
Reflector,  mounted  temporarily  north  of  the  New  Observa- 
atory,  longitude  4''  60""  6°.0  ±  W.  from  Greenwich.  A 
power  of  125  was  used,  except  in  three  instances  noted 
below,  when  power  175  was  substituted.  The  mirror  was 
in  excellent  condition  until  the  last  of  the  observations, 
when  it  had  become  somewhat  tarnished  and  scratched. 
The  instrument  was  without  clockwork  or  slow  motion. 


3 
4 
6 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 


1904 

July  14.6 
16.6 
18.5 
18.5 
29.5 

29.6 

29.6 

Aug.     8.6 

9.5 

9.6 

14.6 
15.6 
17.6 
18.4 
23.4 

23.6 
24.5 
24.6 
25.5 
26.4 


26.6 

26.7 

30.4 

6.4 

6.5 


Sept. 


Oct. 


6.6 

6.6 

7.7 

16.5 

17.4 

17.4 

17.4 

1.4 

1.4 

1.5 

1.5 
1.6 
1.6 
1.6 
1.7 


Sat. 

Ill 

I 

III 

I 

II 

II 

II 

I 

I 

I 

II 
I 
I 
I 

II 

II 
I 
I 
I 
I 

III 
III 
III 
III 
III 


I 

II 

III 

III 

II 

III 

III 

I 

II 

I 


Ec.  D. 
Ec.  D. 
Tr.  E. 
Oc.  R. 
Ec.  D. 

Ec.  R. 
Oc.  D. 
Ec.  D. 
Tr.  I. 
Tr.  E. 

Tr.  I. 
Ec.  D. 
Oc.  R. 
Tr.  E. 
Ec.  D. 

Oc.  R. 
Ec.  D. 
Oc.  R. 
Tr.  I. 
Oc.  R. 

Ec.  D. 
Ec.  R. 
Tr.  E. 
Sh.  E. 
Tr.    I. 


Ill  Tr.  E. 

II  Ec.  D. 

I  Ec.  D. 

I  Ec.  D. 

I  Sh.    I. 


Tr.  I. 
Oc.  R. 
Ec.  D. 
Ec.  R. 
Ec.  D. 

Oc.  D. 
Oc.  R. 
Tr.  I. 
Oc.  R. 
Tr.  E. 


Last  seen 
Last  seen 
First  contact 
First  contact 
Last  seen 

First  seen 
Last  contact 
Last  seen 
Last  contact 
First  contact 

Last  contact 
Last  seen 
First  contact 
First  contact 
Last  seen 

First  contact 
Last  seen 
First  contact 
Last  contact 
First  contact 

Last  seen 
First  seen 
First  contact 
Last  contact 
Last  contact 

First  contact 
Last  seen 
Last  seen 
Last  seen 
First  contact 

Last  contact 
Last  contact 
Last  seen 
First  seen 
Last  seen 

Last  contact 
First  contact 
Last  contact 
First  contact 
First  contact 


No  occulting  bar  was  used,  and  to  secure    the  best  defi- 
nition the  planet  was  in  every  case  kept  in  the  field. 

Time  was  taken  by  the  eye-and-ear  method  from  a  chro- 
nometer of  fairly  constant  rate,  corrected  at  frequent 
intervals  by  transit  observations.  Except  for  eclipses  of 
the  first  and  second  satellites,  time  was  taken  to  the 
nearest  second.  The  quality  of  the  seeing  was  denoted  by 
scale  1-5 ;  5,  excellent ;  4,  good  ;  3,  fair ;  2,  poor ;  1,  very  poor. 


Amherst 
Mean  Time 

of 
Observation 

14"53"5l' 
14  39  42.3 
12  43  12 

12  45  17 

13  59  20.7 

16  23  43.3 
16  45  25 

14  50  47.1 

13  30  12 

15  37  33 

16  5  16 
16  44  25.4 

14  38  45 
11  56  19 
11  1  59.1 

15  42  3 
13  7  58.1 

16  30  32 
11  36  23 

10  55  36 

15  0  51 

16  59  25 

11  12  12 
n  18  55 

13  35  23 

14  42  40 
16  11  9 
16  56  40.2 
13  20  3.7 

10  42  28 

11  14  35 
11  58  41 

11  11  9 

12  59  55 

13  13  24.6 

13  21  26 

14  24  28 
14  51  55 
16  24  39 
16  56  44 


Am.  Ephem. 

Time  red.  to 

Meridian  of 

Amherst 

14"  52"  51 
14  39  58 
12  40 

12  43 

13  57  45 

IG  24  12 
16  43 

14  50  54 

13  29 

15  41 

16  2 

16  45  7 

14  40 
11  58 

11  0  13 

15  47 

13  7  56 

16  29 
11  35 

10  56 

15  0  56 

16  59  55 

11  18 
11  15 

13  28 

14  48 

16  9  50 
16  56  47 
13  20  4 

10  34 

11  22 
11  57 

11  10  7 
13  1  43 
13  11  51 

13  11 

14  32 
14  50 

16  27 

17  1 


Def. 

4  + 
5 

3  + 
3  + 
3  + 


Rather  unsteady 


Strong  twilight 

Very  thick 
Hazy 

Perhaps  late 
Slight  haze 


3 

3  + 
4 
4 
4 

4 
4 

2  Clouds  passing 

3  Late 

2+     Rather  unsteady 

5 

5 

2 

4 

4  + 

3 
5 
5 
5 
5 

5 
5 
5 
3 
3 

3 
2  + 

2 
2 
1         Very  unsteady 


Unsteady 
Power  175 
Power  175 


1»  or  2'  late 
Poor  obsn. 
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A  mherst 

Am.  Ephem. 

Mean  Time 

Time  red. 

to 

of 

Meridian 

of 

1904 

Sat. 

Observation 

Amherst 

Def. 

Remarks 

41 

Oct.      2.4 

I 

Ec.  D. 

Last  seen 

ll"  3S'"35.0 

ll''38°' 

15 

4 

42 

2.5 

I 

Oc.  R. 

First  contact 

14   10  39 

14  13 

4 

43 

3.4 

I 

Tr.  E. 

First  contact 

11  23  24 

11  27 

4 

44 

4.3 

I 

Oc.  R. 

First  contact 

8  42  42 

8  40 

4 

45 

19.3 

I 

Tr.  E. 

First  contact 

9  18  .31 

9  19 

2 

Clouds  passing 

46 

19.3 

III 

Tr.    I. 

Last  contact 

9  26  14 

9  22 

2 

Clouds  passing 

47 

23.7 

I 

Oc.  D. 

Last  contact 

17  13  11 

17  13 

2  + 

Fuzzy 

48 

26.3 

I 

Tr.    I. 

Last  contact 

8  42  43 

8  41 

2  + 

Fuzzy 

49 

26.3 

I 

Sh     I. 

First  contact 

9     4  17 

9     3 

2  + 

Fuzzy 

50 

26.4 

I 

Tr.  E. 

First  contact 

11     1     3 

11     2 

3  + 

51 

26.5 

II 

Ec.  R. 

First  seen 

12  37  49.8 

12  39 

17 

4 

52 

26.5 

III 

Tr.    I. 

First  contact 

12  39     6 

12  36 

3  + 

Late 

53 

26.5 

III 

Sh.    I. 

First  contact 

13  24  24 

13  15 

4 

54 

26.5 

III 

Tr.  E. 

First  contact 

14     3  40 

U     9 

5 

55 

Nov.     1.5 

I 

Oc.  D. 

Last  contact 

13  25     5 

13  23 

5 

56 

1.6 

I 

Ec.  R. 

First  seen 

15  56  35.9 

15  56 

31 

3  + 

Slight  haze 

57 

2.5 

II 

Oc.  D. 

Last  contact 

12     6  24 

12     2 

3 

Hazy 

58 

2.5 

I 

Tr.  E. 

First  contact 

12  44  10 

12  46 

2 

Rather  thick 

59 

3.3 

I 

Oc.  D. 

Last  contact 

7  50  11 

7  49 

3  + 

Slight  haze 

60 

3.4 

I 

Ec.  R. 

First  seen 

10  26  26.4 

10  25 

19 

3 

Hazy 

61 

9.5 

II 

Oc.  D. 

Last  contact 

14  19  55 

14  17 

4  + 

62 

9.6 

I 

Tr.  E. 

First  contact 

14  26  28 

14  31 

4  + 

63 

10.4 

I 

Oc.  D. 

Last  contact 

9  37  11 

9  34 

o 

Clouds  passing 

64 

11.2 

I 

Tr.    I. 

Last  contact 

6  47  56 

6  45 

5 

65 

11.3 

I 

Sh.    L 

First  contact 

7  25  29 

7  22 

4 

Power  175 

66 

11.3 

I 

Tr.  E. 

First  contact 

S  55  11 

8  57 

4 

67 

11.3 

II 

Tr.    I. 

Last  contact 

9     4  21 

9     2 

4 

68 

11.3 

I 

Sh.  E. 

Last  contact 

9  30     7 

9  34 

3  + 

69 

11.4 

II 

Tr.  E. 

First  contact 

11   23  13 

11  28 

5 

70 

12.2 

I 

Ec.  R. 

First  seen 

6  49  34.6 

6  49 

42 

5 

71 

16.5 

I 

Tr.    I. 

Last  contact 

14     7  48 

14     4 

4 

Poor  obs. 

72 

17.4 

I 

Oc.  D. 

Last  contact 

11  20  47 

11  20 

4 

73 

18.3 

I 

Tr.    I. 

Last  contact 

8  33  42 

8  30 

5 

74 

18.3 
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SUNSPOT   OBSERVATIONS, 

MADB     AT    THE     AMHERST     COLLEGE     OBSERVATORY, 

By  KOBERT  H.  BAKER. 


1905 

New 

Disapp. 

Reapp. 

Total 

Def. 

1905 

New 

Disapp. 

Reapp. 

Total 

Def. 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

d      h 

d      h 

Oct.      3     5 

1 

35 

- 

- 

1 

3 

4 

46 

4 

Nov.   12  21 

1 

10 

_ 

- 

- 

- 

6 

62 

3 

5     4 

2 

13 

1 

4 

1 

6 

5 

40 

4 

13  21 

_ 

5 

_ 

_ 

- 

_ 

6 

54 

4 

6     5 

_ 

3 

_ 

_ 

_ 

_ 

5 

30 

4 

14  21 

_ 

1 

1 

3 

_ 

_ 

5 

45 

3 

7     0 

4 

_ 

_ 

_ 

_ 

5 

28 

3 

16  22 

1 

5 

2 

12 

1 

4 

4 

24 

4 

8     2 

1 

12 

1 

5 

1 

1 

5 

23 

3 

17  22 

1 

9 

_ 

_ 

1 

2 

5 

40 

5 

9     0 

_ 

2 

- 

_ 

1 

5 

20 

5 

18  21 

_ 

8 

1 

6 

_ 

_ 

4 

34 

4 

10     0 

_ 

2 

1 

1 

_ 

_ 

3 

15 

3 

19  21 

_ 

9 

_ 

_ 

_ 

_ 

4 

40 

4 

12     3 

- 

2 

- 

_ 

_ 

_ 

3 

14 

4 

20  22 

1 

10 

_ 

_ 

1 

2 

5 

36 

4 

13     0 

1 

2 

1 

2 

1 

2 

3 

12 

5 

21   22 

1 

1 

1 

8 

1 

1 

5 

19 

3 

14     0 

_ 

4 

1 

5 

_ 

3 

2 

10 

3 

22  21 

1 

7 

_ 

o 

_ 

_ 

6 

30 

5 

15     0 

_ 

9 

_ 

_ 

_ 

_ 

2 

18 

4 

23  22 

1 

15 

1 

1 

1 

12 

5 

32 

5 

15  23 

_ 

30 

_ 

_ 

_ 

_ 

2 

48 

5 

24  23 

_ 

13 

_ 

_ 

_ 

_ 

5 

44 

5 

16  21 

_ 

- 

_ 

_ 

_ 

_ 

2 

42 

4 

26  21 

_ 

33 

1 

1 

_ 

_ 

4 

76 

5 

17  23 

- 

29 

_ 

_ 

_ 

_ 

2 

76 

5 

30  22 

_ 

_ 

2 

32 

_ 

_ 

2 

29 

4 

19     0 

- 

- 

_ 

_ 

_ 

_ 

2 

21 

2 

Dec.      3  21 

3 

12 

1 

1 

3 

12 

4 

27 

4 

20  22 

1 

1 

1 

1 

1 

1 

2 

56 

5 

4  21 

_ 

2 

_ 

_ 

_ 

_ 

4 

19 

3 

21  23 

_ 

1 

_ 

_ 

_ 

1 

2 

40 

3 

5  21 

_ 

_ 

_ 

_ 

_ 

_ 

4 

15 

2 

22  20 

- 

o 

_ 

_ 

_ 

_ 

2 

42 

4 

6  21 

1 

1 

1 

4 

1 

1 

4 

10 

4 

23  20 

- 

3 

- 

_ 

_ 

_ 

2 

29 

4 

7  21 

_ 

2 

_ 

_ 

_ 

2 

4 

12 

3 

24  20 

_ 

4 

_ 

_ 

_ 

_ 

2 

22 

4 

10     4 

_ 

_ 

_ 

_ 

_ 

_ 

3 

4 

1 

25  23 

_ 

_ 

1 

13 

_ 

_ 

1 

9 

3 

11  22 

1 

2 

_ 

_ 

1 

2 

3 

5 

2 

26  23 

1 

7 

_ 

_ 

1 

1 

2 

16 

5 

12  22 

_ 

6 

_ 

_ 

_ 

4 

3 

11 

5 

29     2 

_ 

4 

_ 

_ 

_ 

_ 

2 

13 

5 

13  22 

_ 

4 

_ 

_ 

_ 

_ 

3 

13 

3 

29  22 

- 

17 

- 

- 

_ 

_ 

2 

30 

4 

17     2 

_ 

_ 

1 

2 

_ 

_ 

1 

10 

4 

31     0 

_ 

- 

- 

- 

_ 

_ 

2 

19 

4 

17  22 

_ 

_ 

_ 

_ 

_ 

_ 

1 

9 

3 

31  22 

_ 

4 

_ 

_ 

_ 

_ 

2 

20 

3 

18  21 

_ 

_ 

_ 

_ 

_ 

_ 

1 

8 

3 

Nov.     1  21 

1 

17 

_ 

_ 

1 

1 

3 

36 

4 

19  21 

_ 

2 

_ 

_ 

_ 

_ 

1 

7 

3 

2  22 

- 

4 

I 

8 

_ 

_ 

2 

30 

3 

22     3 

I 

14 

_ 

_ 

_ 

_ 

2 

21 

3 

3  21 

1 

4 

- 

- 

1 

3 

3 

24 

2 

23  23 

2 

10 

_ 

3 

1 

2 

4 

25 

3 

4  20 

- 

4 

- 

- 

- 

_ 

3 

34 

5 

24  22 

_ 

_ 

1 

3 

_ 

_ 

3 

19 

4 

6  21 

1 

4 

- 

7 

1 

2 

4 

20 

3 

25  23 

1 

13 

1 

1 

1 

6 

3 

25 

4 

8  22 

- 

19 

- 

_ 

_ 

_ 

4 

39 

5 

26  23 

_ 

_ 

_ 

_ 

_ 

_ 

3 

18 

2 

9  22 

1 

31 

1 

3 

1 

4 

4 

67 

5 

27  22 

_ 

_ 

_ 

4 

_ 

_ 

3 

15 

5 

10  22 

1 

13 

_ 

_ 

_ 

_ 

5 

75 

4 

31  22 

_ 

16 

2 

9 

_ 

_ 

1 

22 

4 

11  21 

- 

4 

- 

- 

- 

- 

5 

57 

4 

Observed  with  fl-inch  Reflector 


NO-  582 


THE     ASTRONOMICAL     JOURNAL. 


49 


SUNSPOT   OBSERVATIONS, 

MADE    AT   BKRWYN    PENN.,    WITH   A   41-INCH    REFRACTOR, 

Bt  a.  w.  quimby. 
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OBSERVATIONS   OF  COMET  6  1905,* 

MADE    AT   THE    GOODSELL    OBSERVATORY   WITH   THE    16-INCH    EQUATORIAL    AND    FILAR   MICROMETER, 

By  H.  C.  WILSON. 
[Communicated  by  the  Director,  W.  W.  Payne.] 
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9.421 

0.'856 

+  1.83  +  8.9 

26 

7  47  22 

6 

6,2 

-2  14.92 

+  1  32.8 

23  36  45.13 

-14  19  57.4 

9.421 

0.856 

+  1.83  +  8.8 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the 

year. 

* 

a 

8                                Authority 

* 

a 

s 

Authority 

1 

2 
3 

23  50  44.76 
23  41  32.31 
23  32  42.44 

+  52°  12  21J    Harv.  A.G.  Zones  8532 

+43  41  26.4    Lalande  46580 

—  10  34  24.9    10"  comp.  with  No.  4 

4 

5 
6 

23  32  47.66 
23  37  22.14 
23  38  58.22 

-10  30     1.1 
-14  19  15.7 
-14  21  39.0 

Schj.  9748-9,  Mun.  32611  . 

Gottingen  6720,  Bruxelles  105S1 
S.DM.  — U'6529,  comp.  with 

Munich,  13066 

*  From  Supplement  to  JVo.  SSI. 


NOTE   ON 


There  is  a  small  error  in  this  theory,  p.  625,  that  may  be 
worthy  of  notice.  For  the  argument,  2^  —  2.^  +  <^',  the 
residual  should  be  3".677,  instead  of  1".123.  The  author 
intimates  that  observation  is  wrong,  apparently  because  he 
agrees  with  Plana.  Diiferentiating  sin  {2i  —  2<j>  +  4>')  with 
respect  to  the  time,  and  comparing  with  the  corresponding 
term,  p.  515,  I  find 

196739     , 


PONTECOULANT'S   LUNAR   THEORY 

By  a.  hall. 

for  the  coefficient,  agreein 
terms  give 


45  193     , 

16'"+^'"' 


+  - 


1536 


with  PoNTECOuLANT.     Thcse 


-2.182 
+  0.350 
+  0.555 

-1.277 

BuRCKHAEDT  and  Damoiseau  have    +2". 4,   and  +2".55. 
Hansen  gives  +2".52. 
1905  September  1. 


NEW   COMET  (X  1906  (brooks). 

A  moderately  bright  comet  was  discovered   by  W.  E.  Brooks,  of   Hobart  College,  on  Jan.  26. 


The  following 


positions   have   been   communicated   by  the   Harvard  College  Observatory.      The  observer  at  Lick  Observatory  was 
Maddrill,  and  at  Princeton,  Bugan. 

1906  Greenw.  M.T.  a 

Jan.  26.82  16"l9"3o' 

27.8920  16  18  49.7 
28.8257  16  18  7.6 
28.9598         16  17  57.4 

Also,  references   of   the   comet   to   neighboring  Dufchmnsterung  stars,  by   Prof.  Morgan,  at  Glasgow,  Missouri, 
give  some  uncertainties,  due  to  telegraphic  obscurities,  as  indicated  below  : 

Jan.  27.935?     ?     foil.       1'    4"  north  of  DM.  49°2494 

Jan.  28.935  ?     2"  36'.6  prec.     1'  17"  north  of  DM.  50°2282 


8 

Obs'y 

+  47  10 

_ 

Smith 

+  48  51 

15 

Lick 

+  50  23 

58 

Princeton 

+  50  37 

12 

Lick 
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SuNspoT  Observations,  by  Robert  H.  Baker. 
SuNSPOT  Observations,  by  A.  W.  Quimby. 
Observations  of  Comet  6  1905,  by  H.  C.  Wilson. 
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A   IS^BW   THEORY  OF   mDIRECT   OBSERVATIONS, 

Bv  J.  MIDZUHARA. 


§1.  New  Hypothesis  of  Errors  and  the  Results 
OF  its  Development. 

From  a  number  of  indirect  observation-equations  which 
contain  any  number  of  independent  unknown  quantities,  to 
find  the  best  values  of  the  unknown  quantities  we  must 
necessarily  assume  some  standard  law  which  governs  the 
theory  of  the  errors ;  if  we  were  not  free  to  assume 
such  standard  law  it  is  impossible  to  apply  the  theory  of 
the  probability  for  the  solution  of  the  problem.  For  ex- 
ample, the  method  of  least-squares  which  is  still  used 
universally  among  astronomers,  physicists,  geodesists,  &c., 
to  solve  indirect  observations,  was  derived,  by  Gauss,  from 
the  assumption  that:  "The  arithmetical  mean  of  direct 
observations  of  equal  weights  is  the  most  probable  value 
of  that  unknown  quantity." 

Hitherto  many  scholars  have  endeavored  to  demonstrate 
the  truth  of  this  law ;  but  it  is  certain  that  they  have  not 
yet  obtained  any  reliable  results  ;  that  is,  from  the  assump- 
tion of  the  law :  "  The  most  probable  error  of  the  arith- 
metical mean  is  zero."  But  this  assumption  may  be 
expected  to  be  true  only  when  the  number  of  observations 
is  infinite  ;  whereas,  in  reality,  we  have  never  such  infinite 
number  of  observations,  and  therefore  practically  we  must 
assume  that  this  error  is  not  zero  (let  us  call  this  error  by 
Mj).  This  assumption,  however,  was  adopted  by  Gauss  in 
his  formula  for  finding  the  mean  error  of  a  single  observa- 
tion as  follows : 

m  —  fj. 
where 

[i;y]  =  the  sum  of  the  squares  of  the  residuals 
?»  =  the  number  of  observations 
£  =  the  mean  error  of  single  observation 
H  =  the  number  of  the  unknown  quantities 

the  symbol  /u.  in  this  formula  having  been  indeed  derived 
from  the  assumption  that  m^  is  equal  to  that  mean  error  ; 
though  we  can  not  adopt  this  formula  without  some  im- 


provements (see  Ash-on.  Joiim.,  No.  535),  it  is  certain  that 
the  value  of  /u,  can  not  be  put  equal  to  zero ;  that  is  to  say, 
«j  is  not  zero.  As  a  specimen  of  the  demonstration  of  this 
fact  we  may  apply  the  theorem 

where  [■««]]  and  [I'y],  denote  the  values  of  [yy]  deduced 
from  two  hypothetical  observation-equations  depending  on 
the  same  system  of  observations,  both  forms  of  the  equa- 
tions being  identical,  except  that  the  latter  contains  one  or 
more  additional  terms  of  unknown  quantities ;  but  it  being 
now  universally  accepted  that  /*  is  not  zero,  I  think,  we 
have  not  here  a  necessity  of  demonstrating  it.  Thus  it 
being  ascertained  that  the  value  of  w^  is  not  zero,  we  are 
now  desirous  to  assume  a  law  different  from  that  of  the 
method  of  least-squares,  in  which  u^  is  put  equal  to  zero, 
for  solving  the  indirect  observation-equations  without  the 
aid  of  the  theory  of  probability.  After  several  examina- 
tions I  found  the  following  law  of  errors  : 


where 


lauY=  laa-\.^+F\[ay^e^  (1) 

a  =  a  known  quantity 
u  =  the  true  error  of  observation 
-^1["]|  —  undetermined  function  of  [a] 

The  function  F  seems  nearly  to  possess  my  proposed 
properties,  satisfying  some  necessary  conditions  among 
functions  of  the  errors  of  the  indirect  observations  in  con- 
sistence with  the  results  of  the  direct  observations.  I 
shall  now  describe  the  most  remarkable  results  which  have 
been  derived  from  this  hypothesis  : 

1.  The  best  values  of  unknown  quantities  found  by 
solving  indirect  linear  observation-equations  of  equal 
weights,  containing  any  number  of  unknown  quantities, 
will  be  nearly  equal  to  the  unknown  quantities  found  by 
solving  the  following  normal-equations  : 

(51) 
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Nkw  Normal  Equations. 


JM-f^}.- 


+    [/"■]  + 


.'/  +  -  ['■'■1  + 


_t]    I 


.+  ...+  -j  [./,,]  + 


WI^ll 


(2> 


where  h  =  the  absolute  term  of  the  observation-equations  ; 
for,  the  numerical  values  of  the  true  errors  (this  means  the 
errors  derived  from,  the  development  of  the  function  of  the 
new  hypothesis  ;  hereafter  it  will  be  called  the  likely  errors) 
of  the  unknown  quantities  found  from  these  normal-equations 
are  generally  less  than  those  of  the  likely  errors  found 
from  the  unknown  quantities  arbitrarily  assumed. 

2.  The  likely  error  of  one  of  the  unknown  quantities 
foiind  from  the  normal-equations  (2),  for  example,  that  of 
.«',  will  be  nearly  equal  to 


J 


where 


A  =  the  determinant  formed  from  all  the  coefficients  of 

the  unknown  quantities  in  (2). 
7^„  =  the  minor  corresponding  to  the  constituent 

faal  -|-^^— ^  of  idem. 

3.  The  degree  of  precision  of  the  best  values  of  un- 
known quantities  found  by  solving  the  observation-equa- 
tions, containing  any  number  of  unknown  quantities,  may 
be  measured  by  the  magnitudes  of  the  likely  errors. 

Note.  Since  the  functions  of  the  true  errors  are  not 
generally  proportional  to  the  corresponding  mean  errors 
or  probable  errors,*  to  compare  the  degrees  of  the  precision 
of  the  best  values  of  the  unknown  quantities  in  the  indirect 
observations  we  can  not  adopt  the  mean  errors  or  the  prob- 
able errors  of  them. 

4.  In  the  beginning  of  the  present  treatise  I  have 
remarked  that,  in  the  method  of  the  least-squares,  there  is 
tlie  theorem  : 

but  this  is  not  the  case  in  the  new  method,  for,  in  the  new 
method  the  quantity  corresponding  to  [yy],  is  sometimes 
less  than  that  corresponding  to  [}'v\,  probably  demon- 
strating the  excellence  of  the  new  method. 

r>.  The  value  of  [""]"  generally  varies  when  the  signs 
of  any  number  of  a.  are  changed. 

Note.     This  result  is  evidently  true,  for,  «,.  being  inde- 

•See  my  paper  in  Astron  Journ.,  No.  53.1. 


pendent  to  u.,  we  may  change  the  sign  of  a,  without  chang- 
ing that  of  «,. 

6.  The  best  value  of  the  unknown  quantity  in  direct 
observations  of  equal  precision  is  the  arithmetical  mean 
of  the  observations  (this  may  be  easily  seen  from  the  nor- 
mal equations  (2)),  and  its  likely  error  jf^  (say)  is  equal 
to  

. ,    ,  .    ,         ,  0.7071  £ 
that  IS  to 


From  this  result  we  may  say  that : 


V'"' 


A. 


B. 


To  compare  the  degrees  of  the  precision  of  single  ob- 
servations in  direct  or  indirect  observations  of  differ- 
ent systems  we  may  use  the  value  of  «„  corresponding 
to  the  ease  m,  =  1,  that  is,  0.7071  e, 
The  weights  of  the  observations  in  the  same  system 
are  proportional  to  the  inverse  squares  of  the  likely 
errors. 
C.  The  value  of  the  likely  error  of  single  observation  is 
between  the  values  of  the  "mean  of  errors"  (0.8463 e), 
and  of  "probable  error"  (0.(5743  c),  and  is  rather  close 
to  the  latter. 

7.     If,  all  the  numerical  values  of  c,  be  equal  to  each 
other,  and  each  of  -  parts  of  them  has  a  different  sign 


from  each  of  the  remainins 


parts,  we  have 


8 

9 

10 


[au] 

0.707  V[rt^  .  £ 

1.000 

0.972 

0.935 

0.906 

0.882 

0.8(33 

0.848 

0.835 

0.825 


10 
20 
30 
40 
50 
100 


["'0 

0.825  V[«a]  .  £ 

0.771 

0.751 

0.741 

0.734 

0.721 


0.70T 


i       Note.     Comparing  this  small  table  with  the  equations 

(2)  we  see  that,  in  the  case  of  single  unknown  quantity,  if 

we  have 

\  A.     a,  =  l     ,     B.     a,=  -l     ,     C.     «,=  ±1     ,      [a]  =  0 

!  then  the  resulting  value  of  the  unknown  quantity  in  each 
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case  is  the  same  as  that  obtained  from  the  method  of  the 
least-squares ;  while  their  likely  errors  are  respectively, 

0.707  £  0.707  c  1.000  E 


V'« 


V" 


V'" 


§  2.     Development  ok  the  Hypothetical  Function  (1). 

The  quantity  "  in  the  equation  (1)  being  independent  of 
i(  or  c,  we  must  have 

(3)       J  [/;«p=[W.]r         +Fl[b]\.' 

[      [(a  +  h)»Y  =  [(«  +  ?;)=]  £-4-  F\[n  +  b]\  r 
or 

F\[a  +  h]\  c'  =  i'lMI  £-  +  F\[/,]li'  -  2  [ab}e'  * 


which,  if  we  suppose  that 


becomes 


«,  =  h, 


F\[2aY,   =4i'^J[«]| 


and  therefore,  if  ji  be  a  constant  quantity,  we  have  gener- 
ally 


(6) 


F\ipa^\  =p'F\[uY, 


Now  let  us  change  the  sign  of  each  of  ( -  1  parts  of  all 
number  of  the  supposed  quantity  h. ;  then  (4)  becomes 

rn-2' 


+  2  [^J  (["«]  +  F\laY)  im  +  F\lhY) 


which,  when 
is  identical  with 


where 


in  the  case  b^  =  «, . 
Therefore,  if  we  suppose  that 

<9)  F\[_hy,^F\[aY 

we  must  have 


'  [a')],,  is  the  numeriral  value  of  [flb]. 


^i^-^) i'm\  =  ^F\[_b]\^2 \i -'^}  M 


/''IMS  = 


that  is 


[buY  = 


1  _  1 )  [««]  £-^ 


(10) 


ai) 


which,  when  «  =  oo,  becomes  free  from  the  supposition  (9), 
and  gives 

/.        1 


\_auj  = 


[.r,]  £= 


[oa]  I 


1 


(12) 
fl3) 


[a»]  =   ±0.7071  VLa«]-' 

Therefore  we  have  the  following  principle  : 

"  The  likely  error  of  the  arithmetical  mean  of 
the  direct  observations  of  equal  precision  is 

0.7071  £" 

The  above  is  only  the  discussion  of  the  expression  [«i«] 
in  the  special  case  a.  =  a^.  I  shall  now  proceed  to  con- 
sider the  case  in  which  the  coefficient  a,  possesses  more 
general  value. 

Let  us  suppose  that 

«,.  =      Ca' 

b,  =   ±a' 

(where  C  and  a'  are  constants  for  series  of  /)  and  each  of 

parts  of  all  number  of  J,  has  the  different  sign  from  each 
n 
of  the  remaining  parts  of  it ;  then  we  have 

F\[aY^'  =  F\[CcdY^=^  r-F\ia'y,.' 


F\m\ 

[aft]  £-^  =   C 


(r«-2      If    , 


F\["']W 


(14) 


Also  let  us  jiut 


F\[_a  +  b-]\.^^   - 

\{C+mn-l)  +  {C-ir-\ 
~         i  2n 

then  since  we  have,  from  (4), 


(15) 

^  [a']-^£HAV^       (16) 


54 


THE     ASTRONOMICAL     JOURNAL. 


N»-  583 


=  l-?-(^J-*--(^V-[3iJ^'-l'-(^)-*}h-^ 


comparing  (16)  and  (17)  we  have 
(18)  


Put 


then  since 


P  =  [(a+ft)*]- 


[(a  +  6)^P 


[(a  +  /;)^]    =  (C+l)^"^'^)  m+(C-iya'*(^ 

l(a+byy_  \  (C+iy(n-rf+2(c+iy\c-iY(n-i)+(C-iy  i    ,, 


^  =  ^H'-")©"'^-"'''^ 


we  have 
(19) 
Also  since 

(20)  [«  +  i]  =  -]  (C'+l)  (l  -  JJ  +  (  C-1)   (^J)  |-  .  a'r. 

(21)  [ia  +  by]  =  -j  ((7+1)-^  (^1  -  i)  +  (r-l)^Q  ]-  .  a-. 
if  we  put 


(21)' 

we  have 

(22) 

and  therefore 

(23) 


M=  l(a  +  hr] 


^^=^'l-«)©-"'^-- 


3/ 


,4,        .V=?L^ 


1  +  4    1 


n  n 


i  +  - 


4  )      '  /^      1\  /I 


in  wliich  the  values  of  C  and  n  are  still  to  be  determined. 
■    Now,  since  we  have,  from  (20),  (21),  (21)'  and  (22) 

r.   -^/x-i  (r'+l)^fl-l)+(C-l)^^^^ 


[a+ft]^ 


],c+.,(i-.V,c-.,(l)I' 


(25) 


[(a+&)']  _  m[(a  +  6)^] 

F         ~    m.{(a-\-hy'\-{_a  +  bJ 

y('    '' '' 


(C+l)-n-^-J  +  (C-l)y 
(C+l)2-  4C('^ 


4(1-1)(1 


comparing  these  with 


M^         m     1 


1\/1 


we  have 


1  _   (C'+l)'       Ml(a  +  by]C' 


(26) 


(27) 


?i  4C  mP 

Also  from  (20)  and  (21)  we  have 

[(«  +  *)']  -(C+l)a'[n  +  6]  =   -2(C-l)fj]a'\7n    (28) 

[("  +  '')']  -  (C-l)«'[a  +  *]  =2(Ci-l)('l-  ""^Yt'^.m    (29) 


[(r(  +  i)2J=  +  (C+l)(C-l)«'-.[a  +  6]--2Ca'[a  +  ('<][(a+6)2] 

=   -4(C+l)(C-l)g)(l-i)„'^.=  (30) 

by  (19) 

and  from  (23) 


(C+l)(C-l)mP 
4C^ 


2a'  =   ± 


I     \P 


Therefore 


that  is 
6'== 


1--^J"»-P 


P^[fl  +  /;]^  +  miW| 


(31) 


4j¥[(a+6)^]''+P[«-f6]-q:4VP7W[a+6]^.[(a+i)=]+OTPJ[f 
mP 


437  [(a  +  A)']  +  '"-P  +  4V/^J/.  [«  +  i]'^ 
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Thus,  from  (27)  and  (31),  we  may  find  the  values  of  C 
and  71,  and  therefore  these  being  substituted  in  the  equa- 
tion (24),  we  may  determine  the  value  of  X.  Now  sum- 
ming up  the  above  results  we  may  put 


where 


M 


2+- 


J 


(•     ±        1+4    1 


-1  + 


(32) 


M  =  [«o]  - 


laf 


n)  \n 


a  =  ± 


^  <  4[aa]  J/- 


mP 


'+  wP  ^  4Vj/P[a]-> 
1  _   (l+Cy  _  JJC[aa] 
n  46'  tnP 

This  formula,  when  </,  =   ±"j,  becomes  very  simple,  as 
follows : 


(33) 


[«»]^  =  [r,.]c-^ 


§  ?>.  Application  of  the  New  Hypothesis  of  Errors 
TO  THE  Solution  of  Indirect  Observations. 

We  have  now  seen  that,  when  the  numerical  values  of 
all  of  the  coefficients  a,  in  [aw]  are  equal  to  each  other, 
the  formula  (33)  may  be  adopted  as  the  rigorous  law  of 
errors.  Though,  when  they  are  not  equal  to  each  other, 
the  formula  (33)  requires  more  or  less  corrections,  its  appli- 
cation to  the  practical  problem  being  little  complicated, 
we  must  now  be  contented  to  apply  the  formula  (33)  for 
the  solution  of  indirect  observations  by  supposing  that  it 
is  always  true,  no  matter  what  the  value  of  the  coefiicient 
a,  may  be.  The  new  solution  of  the  indirect  observations 
is  as  follows : 

Let 


(34)     J 


a-^x  -\-  b^i/  +  i\z  -\-  .  .  .  .  +  Aj   =   w, 
n„x  +  h^i)  -\-  c^z  -\-  .  .  .  .  +  h.    =    w. 


represent  the  given  observation-equations,  and  let  us  con- 
fine our  attention,  for  instance,  to  the  discussion  of  the 


value  of  X.  Suppose  that  multiplying  the  equations  (34) 
respectively  by  t^,  t„,  t^,  .  .  .  .  ,  the  arbitrary  numbers, 
and  adding  together  we  have 


[_aq  =  1 

[bf]  =  \_cq  =  idf]  = 

X  =   —[«/(]  +  [tul 


.  .  =  0 


(35) 


(36) 


then  the  likely  error  of  the  unknown  quantity  x,  by  (33), 
must  satisfy  the  equation 


i'"y=\f^--%^ 


(37) 


Therefore  to  find  the  best  value  of  x  let  us  differentiate 
(35)  and  (37),  and  put  (since  (37)  must  be  a  minimum) 


'.-i)«.-('.-ij-^-- 


+  ^ 


in 


«]&*!   + 

a^U„  + 

+ 

ajt^  =  0 

6,8i!,  + 

KhU  + 

+ 

bj>t„  =  0 

CjSC.  + 

c^hh  + 

-1- 

cjt„  =  0 

which  may  be  assumed  to  have  the  following  relations  : 


■       2m 


Ka.+  \J>„+  X„r„  + 


(38) 


where  X„,    X^,  A„,  &c.,  are  undetermined  numbers  ;  then 
we  may  easily  deduce  the  following  equations  ; 


1  - 


^  [o]  =  K  [aa]  +  K,  {ab-]  +  K,  lac-]  + 

-  ^  [*]  =  K  ["^]  +  Kl  hh-]  +  K  [he]  + 

-  ^^  [«]  =  K  [«^]  +  K,  Ibc]  +  A„  [_cc]  + 


(39) 


in  -  ^' 


y  =  A„[«]  +  X,,[6]+A,.[c]  + 


that  is 


(40) 


m       ) 


m      \ 


m      j 
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(«,,,=  4+M),...(,,H),..,(,,+El),, 


(42)   X  =  -[</(]  ±  Va„.£  = 
and  by  the  same  reasoning 


A.     ["/<]  + 


[a][/,] 


-([»]. f'F) 


-■.(f-H™J) 


■  •  ±  Vx„ 


in  which  we  have  the  following  relations  : 

Ja;\„   =  Z)„  z/x\„6  =  Z>„i         JxA„  =  Z>„,     &c. 

dxv^,  =  Z>„e  ^■TVic  =  Ar  -^a-i-e    =  A      &c> 


(43) 


where 

//    =  the  determinant  formed  from  all  the  coefficients  of 

A's  in  the  second  side  of  (40) 
A  =  the  minor  corresponding  to  the  constituent 

\ait\  +  ^^-^—  of  idem 

Ai.  =  that  corresponding  to  the  constituent     [«i]  + 

&c.         &c.         &c. 

Therefore  the  normal-equations  which  give  the  best  values 
of  X,  y,  z,  &c.,  are  as  (2) ;  and  the  likely  errors  of  the 
values  of  x,  y,  z,  &c.,  found  from  those  normal-equations, 
by  (41),  are 

|A 


[«]  [*] 


J 


&c. 


respectively. 

As  an  example  of  practical  application  of  the  new 
normal-equations  (2)  let  us  take  the  following  datum,  which 
are  in  Chauvenet's  "  Spherical  and  Practical  Astronomy," 
Vol.  II,  page  206. 

The  Observation-Equations. 


9 
10 
11 
12 


+  0.214  a 
+  1.032  a 
+ 1.031 « 
+ 1.135  « 
-0.732  a 
-0.732  a 
+  2.GO60 


+  1.296  c  + 
+  1.086  c  + 
+  1.085  e  + 
+  1.156  c  + 


Ad  +  2.10 
Jd  +  2.96 
M  +  3.17 

je  +  3.19 


+  2.006  c 

-  2.056  ( 
+  2.993  ( 


+  0.707  J«  +  0.15 
+  0.707 J6I  -  0.97 


■  + 

+ 1.879  «'  +  1.984  c  + 
-1.322  a'  -  3.319  c  + 
-0.229  «'  -  1.802  c  + 
+  2.264  a'  +  2.508  c  + 
+  2.016  a'  +  2.166  c  + 


M  +  2.22 
M  +  1.91 
JB  -  0.58 
Ad  +  0.58 
Ad  +  2.18 
AB  +  1.94 


The  Normal-Equations. 

3.998  a  +        0  +     2.325  c  +     2.894  +  10  283 

0      +  21.848  a'  +  27.881c  +     6.697  +  19.569 

2.325  a  +  27.881a'  +  51.969  c  +    9.153  +  36.352 

2.894  rt  +     6.697  a'  +     9.153  c  +  11.000  +  19.090 

Tokyo  Antronumical  Observatory,  1905  December. 


=  0 

=  0 

=  0 

=  0 


The  Resulting  Values  of  the  Unknowns. 


-1.681 
-0.083 


c    =    -0.423 
AO  =    -0.891 


viz.,  if  we  apply  these  datum  to  the  new  normal-equations 
(2)  we  have 

The  New  Normal  Equations. 
4.597  a  +    1.448  a'  +    4.369  c  +    5.U3  Ad  +  14.493  =  0 
1.448  a  +  25.394  a'  +  32.825  c  +  [2M3  A0  +  29.751  =  0 
4.369  a  +  32.825  a'  +  58.950  c  +  17.859  A6  +  50.730  =  0 
5.443  a  +  12.863  a'  +  17.859  c  +  21.857/^61  +  37.020  =  0 

The  Resulting  Values  of  the  Unknowns. 


=    -1.682 
=    -0.083 


Ae 


-0.423 

-0.880 


Thus,  in  this  example,  the  old  and  the  new  solutions  give 
very  nearly  the  same  values  of  the  unknown  quantities 
except  A6,  which  has  the  difference  O'.Oll. 

As  another  example,  let  us  also  take  the  following  datum 
from  the  same  treatise,  Vol.  II,  page  381. 


The  Observation-Equations. 


+  0.90  e  +  14.9 
+  0.89  e  +  20.4 
+  0.83  e  +  12.4 
+  0.72  e  +  13.7 
+  0.36  e  +  23.3 


$  +  0.12  e  +  28.1 

^  -  0.13  e  +  48.1 

^  _  0.45  e  +  58.6 

$  -  0.88  e  +  67.9 

^  -  0.90  e  +  72.4 


The  Normal-Equations. 

10.00^  +  1.5500  e  +  359.8       =  0 

1.55^  +  4.9273  e  -     92.712  =  0 

The  Resulting  Values  of  the  Unknowns. 

i  =    _40"9         ,         e  =    +31*7 
These  data  give 

The  New  Normal  Equations. 
20.00  J'  +  3.1000  e  +  719.600   =  0 
3.10^  +  5.1676  c  -    36.943   =  0 
and 

The  Resulting  Values  of  the  Unknowns 

.?   =    -40.8         ,  e   =    +31.''3 

which  are  also  identical  with  those  of  the  old,  nearly. 

To  complete  the  subject  of  the  present  investigation  we 
must  still  find  the  value  of  t.  This  investigation,  however, 
will  be  postponed  to  the  future. 
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OBSERVATIONS   OF   COMETS, 

MADE    WITH   THE    16-INCH    EQUATORIAL,   OF   THE    CINCINNATI    OBSERVATORY, 

By  J.  G.  PORTER. 


1905  Cincinnati  M  .T.      ^ 

Comp. 

zJa 

jB 

App.  a              App.  b 

log  pA             Red.  to  App.  PI. 

Comet 

1904  I. 

d 

h       m       s 

jj- 

g 

t            H 

tarns 

O            /            tt 

It 

Jan.    8 

10  49  30 

1 

7,9 

-0 

0.29 

+ 

5  43.4 

11  59  29.52 

+  58  16  51.7 

W9.938 

0.452 

-0.47  -16.5 

14 

10  15  10 

3 

12,6 

-2 

53.56 

_ 

0  57.7 

11  46  33.30 

+  59  61  18.2 

ra9.958 

0.426 

-0.08  -16.7 

26 

8  49  21 

4 

5,6 

+0 

4.51 

— 

9  27.2 

11  13  31.89 

+  62  32  21.2 

?i9.998 

0.406 

+  0.88  -15.9 

27 

9  25  49 

5 

6,8 

+  0 

20.20 

+ 

4  16.8 

11  10  15.97 

+  62  43  61.4 

«9.990 

0.137 

+0.95  -16.7 

Feb.    4 

10     5  58 

6 

8,6 

-0 

44.57 

_ 

3  31.6 

10  42  55.39 

+  63  55  10.9 

?i9.928 

n0.050 

+  1.55  -13.8 

28 

9  37     8 

8 

8,8 

+  0 

55.01 

+ 

1  37.2 

9  18  22.60 

+  63  59     0.4 

w.9.488 

?i0.675 

+  2.14  -   4.1 

Mar.    3 

14  11  26 

9 

8,8 

+  2 

16.98 

+ 

4  26.5 

9     8  48.23 

+  63  38  21.0 

9.936 

W9.942 

+  2.09  -   3.0 

5 

7  47  24 

10 

8,8 

-0 

25.85 

_ 

3     0.4 

9     3  53.35 

+  63  25  40.9 

W9.777 

wO.393 

+  2.05  -   2.3 

10 

8  42  50 

11 

8,8 

-1 

12.69 

_ 

0     5.6 

8  50  44.20 

+  62  43  12.4 

n9.389 

wO.524 

+  1.83  -   0.7 

24 

8  49  10 

12 

8.8 

-0 

8.65 

+ 

4     2.1 

8  23  11.80 

+  60  17  55.3 

9.134 

nO.494 

+  1.23  +   2.2 

27 

9  52  38 

13 

8,8 

-0 

51.24 

+ 

0  37.3 

8  18  49.61 

+  59  43  36.7 

9.631 

wO.382 

+  1.12  +   2.4 

Apr.    3 

9  34  47 

14 

8,8 

-0 

15.38 

+ 

1     9.2 

8  10  39.16 

+  58  23     6.4 

9.672 

mO.299 

+  0.81  +  3.2 

(JOMEl 

1904  e. 

Jan.     1 

7  56  20 

15 

12,12 

-1 

51.01 

+ 

1  28.9 

1   17  42.71 

-  7  23  17.4 

9.207 

0.799 

-0.13  -   9.1 

3 

8     0  14 

16 

12,12 

+  1 

7.10 

+ 

3  35.5 

1  20  25.91 

-   6  45  10.6 

9.253 

0.787 

-0.14  -  8.7 

6 

7  37  35 

18 

12,12 

-1 

23.18 

+ 

5     0.7 

1  24  41.80 

-  3  19  34.0 

9.167 

0.770 

-0.10  -  8.2 

27 

8  28  54 

21 

10,8 

+1 

1.15 

+ 

6  23.9 

2     1  36.63 

+  12  44  26.1 

9.508 

0.633 

-0.05  -   6.3 

28 

7  40  22 

22 

5,8 

-0 

3.35 

_ 

3  11.2 

2     3  34.67 

+  13  26  11.3 

9.392 

0.605 

_0.04  -   6.2 

Feb.    2 

9     5  46 

24 

12    7 

+  0 

27.11 

_ 

0  33.8 

2  14  16.64 

+  16  52  23.3 

9.594 

0.620 

-0.02  -  4.5 

4 

8  43  37 

26 

8, '8 

-0 

24.70 

— 

1  16.6 

2  18  38.53 

+  18  10  41.6 

9.570 

0.591 

0.00  -   4.3 

6 

9  15  12 

28 

8,6 

-1 

18.09 

— 

0  13.3 

2  23  13.08 

+  19  28  47.0 

9.620 

0.608 

-0.01  -  4.1 

28 

8  58  51 

29 

8,8 

+  2 

4.24 

_ 

1     8.6 

3  19  37.87 

+  31  37     2.0 

9.678 

0.549 

-0.04  -   2.6 

Mar.    5 

7  23  26 

30 

8,8 

-0 

6.27 

+ 

0  33.4 

3  34     0.33 

+  33  48  57.9 

9.551 

0.230 

-0.07  -  2.4 

10 

8     8  34 

31 

8,8 

-0 

55.54 

— 

0  53.1 

3  49  17.72 

+  36  51  27.8 

9.652 

0.315 

-0.09  -   2.4 

22 

7  28  29 

32 

8,8 

+  0  24.04 

_ 

0     4.6 

4  27  59.59 

+  39  53  44.4 

9.624 

0.055 

-0.14  -   2.0 

25 

7  55  14 

33 

8,8 

+0 

52.26 

_ 

5  39.8 

4  38  12.88 

+  40  43  55.3 

9.678 

0.160 

-0.16  -   2.0 

25 

8  27     7 

33 

8,8 

+  0 

56.62 

_ 

5  19.9 

4  38  17.24 

+  40  44  15.2 

9.719 

0.292 

-0.16  -   2.0 

26 

9  28  26 

34 

8,8 

+  0 

59.81 

— 

2  19.0 

4  41  51.22 

+  41     0  32.2 

9.768 

0.484 

-0.16  -   2.0 

27 

8  46  20 

36 

8,8 

-3 

54.34 

+ 

0     3.6 

4  45  11.66 

+41  15  14.1 

9.741 

0.356 

-0.13        2.0 

30 

8  13  10 

37 

8,8 

+  0 

51.27 

+ 

5  35.0 

4  55  31.83 

+  41  57  25.7 

9.713 

0.214 

-0.16  -   1.9 

.SO 

8  33  46 

38 

8,8 

-0 

9.18 

— 

0  41.1 

4  56  35.71 

+41  57  38.4 

9.736 

0.301 

-0.16  -   1.9 

31 

7  54  28 

39 

10,10 

+  0 

30.64 

_ 

0  10.5 

4  58  59.65 

+  42  10  32.8 

9.689 

0.116 

-0.16  -    1.8 

Apr.    3 

7  58  12 

40 

8,8 

+  1 

0.80 

_ 

0  44.2 

5     9  36.25 

+  42  47  39.0 

9.701 

0.123 

-0.21  -   1.8 

4 

8  26  17 

41 

8,8 

-0 

14.24 

+ 

0     0.1 

5  13  13.16 

+  42  59     8.4 

9.737 

0.191 

-0.22  -   1.8 

Comet 

1906  a. 

A.pr.     3 

8  43  49 

42 

8,8 

-1 

21.68 

— 

2  45.7 

6  15     9.61 

+  21     0     6.5 

9.567 

0.551 

+  0.13  -   8.9 

3 

8  43  49 

43 

8,8 

-1 

33.50 

+ 

4  59.0 

6  16     9.49 

+  21     0     9.6 

9.667 

0.551 

+  0.13  -   8.9 

4 

8  54  44 

44 

8,8 

-0 

9.89 

+ 

5  34.7 

6  19  17.85 

+  22  11  57.3 

9.587 

0.547 

+0.12  -   8.5 

6 

8  46     0 

45 

8,8 

+  0 

23.52 

+ 

2     8.5 

6  27  43.57 

+  24  31  44.4 

9.681 

0.504 

+  0.12  -   7.8 

22 

8  12  31 

47 

8,8 

+  0 

1.05 

+ 

2  34.8 

7  47     8.76 

+  40  13  19.0 

9.653 

9.840 

+0.16  -   1.7 

27 

9     9  45 

50 

8,6 

-0 

16.01 

+  11  27.2 

8  16     4.39 

+  43  41     2.6 

9.676 

9.949 

+  0.19  -  0.1 

27 

9     9  45 

51 

6,4 

—  2 

21.35 

— 

10  10.6 

8  16     5.20 

+  43  40  53.6 

9.676 

9.949 

+0.21        0.0 

30 

9  14  47 

52 

8,8 

-0 

0.02 

+ 

7  10.7 

8  33  55.96 

+  45  21  42.5 

9.688 

9.832 

+  0.20  +   0.8 

30 

9  56  25 

53 

8,8 

-0 

43.56 

+ 

2     5.8 

8  34     6.70 

+  46  22  33.6 

9.745 

0.139 

+  0.20  +  0.8 

May     1 

8  36  10 

54 

8,8 

+  2 

23.76 

+ 

2  50.6 

8  39  48.10 

+  45  50  37.9 

9.607 

7.952 

+  0.19  +   1.1 

3 

8  24  51 

55 

8,8 

+  0 

9.95 

+ 

1  21.2 

8  51  51.46 

+46  44  18.3 

9.676 

n9.491 

+  0.18  +  1.7 

7 

9  53  23 

56 

8,8 

-0 

1.98 

+ 

2  17.8 

9  16  33.56 

+  48  11  41.0 

9.747 

n9.875 

+0.23  +   2.6 

Comet 

1905  b. 

Deo.  25 

7  14  24 

58 

12,12 

-0 

9.46 

_ 

5  22.2 

23  36  15.86    -14     6  18.0 

9.351 

0.833   +2.05  +11.0 

27 

6  10     5 

69 

8,8 

-0 

17.98 

+ 

3  19.0 

23  37  11.93    -14  32  10.0 

9.057 

0.846   +2.03  +10.7 
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Mean  Places  of  Comparison- Stars  for  the  beginning  of  the 

year. 

* 

a 

s 

Authority 

* 

a 

s 

Authority 

1 

11  59  30.28 

+58°  11 

24.8 

Comp.  with  2 

32 

4"  27'"35!69 

+39°  53' 

50.9 

Lund,  A.G.  2287 

2 

12     1  57.32 

+  58     7 

47.1 

Cin.  1900,  2177 

33 

4  37  20.78 

+40  39 

37.1 

Bo-nn,  A.G.  3795 

3 

11  49  26.94 

+  59  52 

32.6 

Hels.  Gotha,  A.G.  6942 

34 

4  40  51.57 

+41     2 

53.2 

Comp.  with  35 

4 

11  13  26.50 

+  62  42 

4.3 

«       A.G.  6710 

35 

4  40  25.10 

+  41     7 

56.0 

Bonn,  A.G.  3832 

5 

11     9  54.82 

+  62  39 

50.3 

B.B.    r6Cni67 
Comp.  with  4 

36 

4  49     6.13 

+  41   15 

12.5 

"      A.G.  3961 

6 

10  43  38.41 

+  63  58 

56.3 

Comp.  with  7 

37 

4  54  40.72 

+  41   51 

52.6 

"      A.G.  4040 

7 

10  41  23.64 

+  64     7 

37.9 

Hels.  Gotha,  A.G.  6480 

38 

4  55  45.05 

+41  58 

21.4 

Comp.  with  37 

8 

9  17  25.45 

+  63  57 

27.3 

"       A.G.  5933 

39 

4  58  29.10 

+  42  10 

45.1 

Bonn,  A.G.  4103 

9 

9     6  29.16 

+  63  33 

57.5 

'          "       A.G.  5866 

40 

5     8  34.66 

+42  48 

25.0 

"      A.G.  4269 

10 

9     4  17.15 

+  63  28 

43.6 

«       A.G.  5849 

41 

5  13  27.62 

+  42  59 

10.1 

'■      AG.  4350 

11 

8  51  55.06 

+  62  43 

18.7 

«       A.G.  5762 

42 

6  16  31.16 

+  21     3 

1.1 

Berlin  B,  A.G.  2332 

12 

8  23  19.22 

+  60  13 

51.0 

"       A.G.  5566 

43 

6  16  42.86 

+  20  55 

19.5 

"    A.G.  2334 

13 

8  19  39.73 

+  59  42 

57.0 

«       A.G.  5534 

44 

6  19  27.62 

+  22     6 

31.1 

«    A.G.  2360 

14 

8  10  53.73 

+  58  21 

54.0 

«       A.G.  5468 

45 

6  27  19.93 

+  24  29 

43.7 

Comp.  with  4  6 

15 

1  19  33.85 

-  7  24 

37.2 

Kad.3  S2T.  Or.  10.  Y.  2ie 
2  i;r.  10.  Y.  516 

46 

6  25     1.76 

+  24  26 

58.2 

Berlin  B,  A.G.  2424 

16 

1  19  18.95 

-  5  48 

37.4 

B.D.  -6»26e 

Comp.  wilb  17 

47 

7  47     7.55 

+  40  10 

45.9 

Comp.  with  48,  49 

17 

1  14  48.70 

-  5  49 

33.5 

Par.  1674,  War.  202 

48 

7  43  47.05 

+40     0 

35.0 

Lund,  A.c;.  399S 
Bonn  .\.0,  62S8 

18 

1  26     5.08 

-   3  24 

26.5 

War.228,com.with  19,20 

49 

7  46  25.40 

+  40  25 

53.9 

Bonn,  A.G.  6257 

19 

1  27  17.05 

-  3  37 

7.1 

Riim.  331,  Yar.  472 

50 

8  16  20.21 

+  43  29 

35.5 

B.J.  31  Lyncis 

20 

1  27  15.62 

-   3  12 

46.4 

W.  l'^421,  Riim.  330 

51 

8  18  26.34 

+  43  51 

4.1 

Bonn,  A.G.  6573 

21 

2     0  35.53 

+  12  38 

7.5 

Leip.  I,  A.G.  622 

52 

8  33  55.78 

+  45  14 

31.0 

Bonn,  A.G.  6711 

22 

2     3  38.06 

+  13  28 

27.7 

Comp.  with  23 

53 

8  34  50.06 

+  45  20 

27.0 

Comp.  with  52 

23 

2     4  49.98 

+  13  32 

38.4 

Leip.  I,  A.G.  639 

54 

8  37  24.15 

+  45  47 

46.2 

Bonn,  A.G.  6747 

24 

2  13  49.45 

+  16  53 

1.6 

B.D.  +16°27!1 

Comp.  with  25 

55 

8  51  41.33 

+  46  42 

55.4 

Bonn,  A.G.  6861 

25 

2  11  50.43 

+  16  52 

32.5 

Berlin  A,  A.G.  634 

56 

9  16  35.31 

+  48     9 

20.6 

Comp.  with  57 

26 

2  19     3.23 

+  18  12 

2.5 

Comp.  with  27 

57 

9  20  40.71 

+  48  11 

1.9 

Bonn,  A.G.  7115 
Cin.  1900,  1759 

27 

2  17  23.36 

+  17  58 

26.1 

Berlin  A,  A.G.  655 

58 

23  36  23.26 

-14     0 

6.8 

Miin;,  13053 

28 

2  24  31.18 

+  19  29 

4.4 

Berlin  A,  A.G.  684 

59 

23  37  27.88 

-14  35 

39.7 

B.D.  -14'(1530 

Conui,  with  60.  Gl 

29 

3  17  33.67 

+  31  38 

13.2 

Leiden,  A.G.  1278 

00 

23  34  51.38 

-14  44 

50.4 

Rad36316,2Gr.l0,Y.6729 

30 

3  34     6.67 

+  33  48 

26.9 

Leiden,  A.G.  1376 

61 

23  38  58.23 

-14  21 

38.1 

Miin,  32715,  Miin^lSOOe 

31 

3  50  13.35 

+  35  52 

23.3 

Liind,  A.G.  2008 

OBSERVATIONS   OP  MINOR  PLANETS   AND   COMETS, 

MADE    AT   THE    U.S.    NAVAL   OBSERVATORY, 

By  HERBERT  L.  RICE. 
[Communicated  by  Rear-Admiral  C.  M.  Chester,  U.S.N.,  Superintendent.] 


1904  Wash'n  M.T. 

* 

Comp. 

Aa. 

j8 

App.  a 

App.  8 

logpA 

Red.  to  App.  PI. 

(2)  Fallas. 

1904                h       m     s 

May  28  11    2  45 
June  14  12  12  56 

1 

30,6 

-0  37.38 

+   4  :^3.6 

16     5 

13.53 

+  26  19 

18.1 

«8.918 

0.285 

+  2.22  +   3.4 

2 

30  ,  0 

+  2  40.91 

-  0  42.2 

15  52 

19.82 

+  26     3 

42.9 

9.381 

0.359 

+  2.20  +   7.1 

22  12  22  39 

3 

30  ,  6 

-0  39.11 

-   1  37.0 

15  47 

47.42 

+  25  26 

35.0 

9.509 

0.431 

+  2.18  +  8.6 

July  26  10  15  32 
30  10  47  29 

4 

25,5 

-3     4.92 

-   0  42.2 

15  43 

13.09 

+  20  37 

23.7 

9.518 

0.527 

+  1.89  +12.5 

5 

30  ,  6 

-1  31.38 

-  4    5.2 

15  44 

14.99 

+  19  55 

12.4 

9.596 

0.580 

+  1.84  +12.6 

Aug.    6    9  53  56 

6 

25  ,  5 

+  2  29.85 

+   6    9.8 

15  46 

44.93 

+  18  40 

46.0 

9.548 

0.569 

+  1.74  +12.9 

1 

(3)  Juno. 

Aug.    3  13  34  55 

7 

35  ,  7 

+  1     1..50 

-   7  45.7 

20  57 

12.12 

—   3  56 

25.9 

9.231 

0.772 

+  3.02  +19.8 

5  13  38  50 

8 

25  ,  5 

+  1  43.29 

+   1  54.0 

20  55 

29.97 

-   4  10 

35.5 

9.291 

0.774 

+  3.04  +20.0 

11  11  39    7 

9 

30  ,  6 

+  1  21.99 

-   1  49.4 

20  50 

26.67 

-   4  55 

51.3 

8.279 

0.783 

+  3.08  +20.5 

12  11  21  20 

10 

30,6 

+  2  17.92 

-   0  22.9 

20  49 

36.44 

-   5     3 

51.0 

n7.850 

0.784 

+  3.08  +20.5 

15  11  54  58 

11 

30,6 

+  1  45.21 

-  0  48.3 

20  47 

4.78 

-   5  28 

54.8 

8.948 

0.786 

+3.09  +20.6 

10  12    2    3 

12 

25  ,  5 

-2     4.47 

-   6  24.7 

20  46 

15.15 

-  5  37 

20.2 

9.049 

0.787 

+  3.09  +20.7 
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1904-05  W 

ishn  M.T. 

* 

Comp 

Ja 

z/S        1        App.  a               App. 

s 

log  pA 

Red.  to  App.  PI. 

(172)  Baucis, 

1601 

)l        in       s 

1        s 

1        It            h       m        s                        o 

, 

„ 

8                          1 

Aug.  16  13  26  49 

13 

35  ,  7 

-1 

42.73 

+ 

3    6.9 

22  22     8.15 

-11 

19 

49.1 

8.964 

0.827 

+  3.03  +19.8 

Sept.  23  10  14  50 

14 

30  ,  6 

-1 

13.78 

— 

1  38.3 

21  47  24.16 

-10 

15 

0.2 

8.880 

0.820 

+  3.06  +21.7 

Encke's  Comet. 

Nov.  11 

8  44    8 

*15 

19 

+  0 

14.47 

22  30  47.03 

9.299 

1 

11 

8  52  16 

*15 

6 

+ 

2  44.9 

+  20 

15 

10.0 

0.481 

\  +2.74  +28.9 

11 

9  13  56 

*15 

7 

+  0 

10.29 

22  30  42.85 

9.407 

J 

27 

7  15    7 

*16 

27,9 

-0 

36.71 

_ 

2  19.9 

21  26  16.49 

+ii 

36 

23.3 

9.413 

0.627 

+2.03  +25.5 

28 

7  36  41 

*17 

18  ,  6 

+1 

41.92 

+ 

5  16.7 

21  22  31.78 

+  11 

1 

37.8 

9.485 

0.644 

+  1.98  +25.1 

30 

6  30    5 

*18 

24  ,  8 

+1 

44.58 

+ 

3  12.1 

21  15  22.12 

+  9 

54 

14.6 

9.339 

0.641 

+  1.91  +24.4 

Dec.     8 

6  56  35 

*19 

21  ,7 

+  0 

27.00 

_ 

6    3.6 

20  45  41.35 

+   5 

5 

32.3 

9.546 

0.706 

+  1.69  +21.5 

13 

7  36  51 

20 

25  ,  5 

-1 

57.58 

_ 

2  57.8 

20  25  32.65 

+   1 

45 

48.6 

9.633 

0.734 

+  1.60  +19.3 

14 

6  55  15 

21 

25,5 

+  1 

33.58 

+ 

0  44.1 

20  21  24.05 

+   1 

4 

32.2 

9.605 

0.735 

+  1.57  +18.7 

10 

7    8  22 

22 

24  ,  8 

-0 

37.52 

+ 

0    3.2 

20  12  29.49 

-   0 

23 

58.8 

9.631 

0.742 

+  1.55  +17.9 

20 
20 

6    5  16 
6  15  42 

23 
23 

S 
8 

-0 

'■>'>  77 

4    8.8 

19  53  24.12 

-  3 

33 

28.8 

9.617 

0.755 

1+1.51  +16.1 

1005 

Comet  1905  h  (Schuer). 

Nov.  21 

6  14  46 

#24 

15  ,  3 

-3 

51.22 



5  12.0 

23  46  14.76 

+  52 

53 

28.7 

«9.464 

»0.23S 

+  3.67  +30.6 

21  11  52    1 

25 

8  ,  6 

-0 

50.41 

_ 

12  52.9 

23  44  50.44 

+50 

53 

17.2 

9.807 

9.998 

+  3.52  +30.6 

22 

12  24  31 

26 

6  ,  10 

+  0 

44.84 

_ 

1  58.6 

23  40  23.96 

+  42 

35 

19.5 

9.772 

0.424 

+  3.16  +29.6 

23 

10  39  34 

27 

30,6 

-1 

54.42 

_ 

0  20.2 

23  37  39.65 

+  35 

48 

47.2 

9.622 

0.248 

+  2.99  +28.2 

25 

9  58  45 

28 

25  ,  5 

+  2 

49.84 

_ 

3  35.1 

23  34     3.11 

+  23 

o% 

56.6 

9.512 

0.463 

+  2.72  +25.6 

26 

9  56  19 

29 

20  ,  5 

_2 

35.59 

+ 

1  58.9 

23  32  54.65 

+  19 

13 

36.8 

9.504 

0.543 

+  2.68  +24.1 

29  10  42  54 

30 

20  ,  4 

+  4 

57.63 

_ 

0  48.4 

23  30  55.32 

+   8 

36 

28.2 

9.585 

0.687 

+  2.48  +21.0 

30 

7  16  37 

31 

35  ,  7 

-0 

49.19 

+ 

2  53.6 

23  30  38.17 

+  6 

23 

22.1 

8.659 

0.672 

+  2.48  +20.1 

Dec.     1 

8  41  18 

32 

20  ,  4 

+  1 

47.18 

- 

7  33.4 

23  30  21.92 

+  3 

59 

38.8 

9.336 

0.704 

+  2.44  +19.4 

The  first  observation  of  Comet  1905  h  was  made  by  Mr.  Hammond. 
the  26-inch  equatorial;   the  others  with  the  12-inch. 


The  observations  marked  with  an  asterisk  were  made  with 


Mean  Places  of  Comparison- Stars  for  the  heginning  of  the  year. 


* 

a 

s 

Authority 

* 

a 

s 

Authority 

1 

16 

5 

48.69 

+  26 

14 

51.1 

Camb.,  Eng.,  A.G.  7507 

17 

ti 
21 

20 

47.88 

+  10°55'56".0 

Leipzig  I,  A.G.  8489 

2 

15 

49 

36.71 

+  26 

4 

18.0 

"     7384 

18 

21 

13 

35.63 

+   9  50  38.1 

Leipzig  II,  A.G.  10665 

3 

15 

48 

24.35 

+  25 

28 

3.4 

"     7376 

19 

20 

45 

12.66 

+   5  11  14.4 

1  f,  LeipzlK  II.  A.G.  10391  +  > 

4 

15 

46 

16.12 

+  20 

37 

53.4 

Berlin  A,  A.G.  5428 

20 

20 

27 

28.63 

+   1  48  27.1 

Albany,  A.G.  7158 

5 

15 

45 

44.53 

+  19 

59 

5.0 

1  S  Berlin  A.  A  .G.  6e62+  > 

2  i  Berlin  B,  A.G.  5425     S 

21 

20 

19 

48.90 

+   13  29.4 

1    J  Albany,  A.G.  710)  +  I 

6 

15 

44 

13.34 

+  18 

34 

23.3 

Berlin  A,  A.G.  5657 

22 

20 

13 

5.46 

-   0  24  19.9 

Nicolajew,  A.G.  5122 

7 

20 

56 

7.60 

-   3 

49 

0.0 

Strassburg,  A.G.  Zones 

23 

19 

53 

45.38 

-  3  29  36.1 

Strassburg,  A.G.  Zones 

8 

20 

53 

43.64 

-  4 

12 

49.5 

a                 «            u 

24 

23 

50 

2.31 

+  52  58  10.1 

Camb.,  U.S.,  A.G.  8526 

9 

20 

49 

1.60 

-  4 

54 

22.4 

«                   u             a 

25 

23 

45 

37.33 

+  51    5  39.5 

"     8491 

10 

20 

47 

15.44 

—   5 

3 

48.6 

«                   <(             « 

26 

23 

39 

35.96 

+  42  36  48.5 

Bonn,  A.G.  18101 

11 

20 

45 

16.48 

—  o 

28 

27.1 

a                 «            a 

27 

23 

39 

31.08 

+  35  48  39.2 

Lund,  A.G.  11309 

12 

20 

48 

16.53 

-   5 

31 

22.2 

U                      .i               u 

28 

23 

31 

10.55 

+  24    2    6.1 

Berlin  B.  A.G.  9036 

13 

22 

23 

47.85 

-11 

23 

15.8 

Camb.,  U.S., A.G.  Zones 

29 

23 

35 

27.56 

+  19  11  13.8 

Berlin  A.  A.G.  9651 

14 

21 

48 

34.88 

-10 

13 

43.6 

"         "       "        " 

30 

23 

25 

55.21 

+  8  36  55.6 

Leipzisrll,  A.G.  11668 

15 

22 

30 

29.82 

+  20 

11 

56.2 

Berlin  A,  A.G.  9236 

31 

23 

31 

24.88 

+   6  20    8.4 

"      "      11701 

16 

21 

26 

51.17 

+  11 

38 

17.7 

Leipzig  I,  A.G.  8535 

32 

23 

28 

32.30 

+  46  52.8 

Albany,  A.G.  8102 

The  star  places  from  the  Strassburg  Zones,  also  the  places   of   Nos.  13  and  14  from  the  Cambridge  (U.S.)  Zones,  were   furnished 
through  the  courtesy  of  the  Directors  of  the  Observatories  at  these  places. 
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OBSERVATIONS,  ELEMENTS  AND  EPHEMERIS  OF  COMET  cl  1906  {brooks). 

1906  Gr.M.T.  u  S  Observer 


Jan.  29.82.30     16  17  7.5     +52  5  18     Dugan  (Princeton) 
29.8299     16  17  7.0     +52  5  57     Maddrill  (Lick) 

These  were  received  by  telegraph  from  Harvard  College 
Observatory  ;  also  the  following  correction  to  the  Prince- 
ton position  of  Jan.  28,  given  on  p.  50. 

far     a   =   16''l8""7.6     .     8  =    +50°  23  58" 
put  16  18  4.3     ,  +50  23  40 

And  the  following  elements  and  ephemeris,  computed 
from  observations  on  Jan.  28,  29  and  30,  by  Crawford 
and  Champnev,  and  telegraphed  to  the  H.  C.  O.  by  Dr. 
Leuschner. 


Elemexts. 

T  =   1905  Dec.  19.47  Gr 

M.T. 

TT 

-Si  =     86  22  ) 
Q,    =  285  27  y  1906.0 
i  =   126  49  ) 
q   =   1.2826 

Ephemeris,  Greenwich  M.T. 

1906 

8 

Brightness 

Jan.  31.5 

16  15     8         +55     3 

1.04 

Feb.    4.5 

16     7  12         +62  36 

8.5 

15  50  24         +70  37 

12.5 

15     5  52         +78  37 

1.05 

'  From   Supplement  to  No,  582 


OBSERVATIONS   OF   COMET  a.  1906  {brooks,  Jan.  se)* 
Hy  e.  e.  b.vrnaed. 

Cent.  Stand.  Time         iif.        Comp.  Ja  J8  App.  a  App.  8 

19043  d        h      m       s  m       s  '         ii  li        m         s  o       i  n 

Jan.  27  17  7     0  |     1     I    6  ,  4    I    +0  47.60    I    +3  57.7    I    16  18  46.40    I    +48  58  19.8 
27  18  7  23  I    2     I    6  ,6    I    +0     7.04    |    -3  51.2    I    16  18  43.77    |    +49     2  1.5.7 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 

*  a  1906.0  Red.  to  Appt.  8 1906.0  Red.  to  Appt.  Authority 

1  I    le'^is"    0^21    I     -lAl    I    +48  54  So'.S    1    -8!'7    1    Bonn  A.G.C.  10481 

2  I    16  18  38.15    I    -1.42    |    +49     6  15.6    |    -8.7    |    Bonn  A.G.C.  10490 
With  the  second  star,  the  /la  was  measured  direct.     Ja  =  +69". 16  (6). 

The  comet  is  9th  magnitude.     Large,  round,  and  very  diffused,  but  gradually  brighter  in  the  middle,  to  an  ill-defined 
nucleus  of  12^  magnitude.     The  measures  were  made  with  the  40-inch  telescope. 


^  From  Supplement  to  No.  oS 


ELEMENTS   AND   EPHEMERIS   OF   COMET  cl  1906  {brooks), 

By  ELEAXOR  A.  LAMSON,  U.S.  Naval  Obsekvatory. 


[Communicated  by  Rear-Admiral  C.  M 
The  following  elements  were  deduced  from  observations 
made  by  Mr.  Rice  at  Washington,  on  Jan.  29,  31 ;  Feb.  1, 
3.  The  observations  of  Jan.  29  and  Feb.  3,  were  used 
directly,  while  the  middle  place,  equidistant  from  these 
dates,  was  a  normal  derived  from  the  four  observations  in 
question. 

Elemexts. 
T  =  Dec.  21.98542,  1905,  G.M.T. 

^  =  15  47  58.3 

Q,  =  286  18  37.4  )- 1906.0 

i  =  126  28  42.0 

7  =  1.29432 


Residuals  (O-C): 


cos  li/J\  =    — 0..") 
J/3  =   -L3 


Chester,  U.S.N.,  Superintendent.] 

Heliocentric  Coordinates. 

.T  =  ;•  [9.803432]  sin  (243°  16  59^4  + v) 
>/  =  r  [9.999813]  sin  (331  14  6.5  +  v) 
s   =   r  [9.887776]  sin  (  59  50  49.5  +  f) 


Ephemeris. 

G.M.T. 

Feb.*14.5 

14"    2     8.9 

0   ^, 
-^82  28 

41 

Light 
1.00 

16.5 

11  48  30.1 

+  84  43 

9 

0.96 

18.5 

8  56  38.0 

+  84     4 

8 

0.90 

20.6 

7  22  39.9 

+  81  19 

38 

0.85 

22.5 

6  39  45.7 

+  78     0 

31 

0.79 

24.5 

6  17  24.0 

+  74  37 

52 

0.73 

26.5 

6     4  24.3 

+  71  21 

15 

0.67 

28.5 

5  56  52.6 

+  68  14 

23 

0.61 

Brightness  of  Feb.  14  taken  as  unit. 
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DEFINITIVE   ORBIT   OF   COMET  1819  II, 

By  henry  a.   peck. 


This  comet  appeared  suddenly  about  the  beginning  of 
July,  emerging  from  the  rays  of  the  sun  a  few  days  after 
passing  perihelion.  A  controversy  arose  early  in  the 
eouiet's  history  as  to  the  validity  of  the  observations  of 
certain  astronomers  who  claimed  to  have  seen  the  comet  in 
transit  across  the  solar  disc.  In  discussing  this  question, 
Hind  computed  an  orbit  from  observations  by  Gauss, 
NicoLAi  and  Struve,  and  suggests  the  possibility  that  the 
orbit  may  be  other  than  a  parabola.  The  first  recorded 
measurement  of  position  was  made  at  Milan,  July  3.  The 
comet  was  last  seen  by  Struve  and  Knorr  October  25, 
but  so  faint  that  it  was  impossible  to  use  the  micrometer. 
Up  to  the  present  time  no  one  has  collected  and  reduced 
the  observations  of  this  body,  although  for  a  considerable 
period  it  was  an  object  of  much  interest  in  the  scientific 
world.  On  account  of  the  necessity  of  compressing  the 
material  within  the  limits  of  a  single  paper  of  moderate 
length,  everything  has  been  omitted  that  was  not  abso- 
lutely necessary  to  enable  a  future  investigator  to  test  the 
present  work  for  systematic  errors  of  computation. 

With  this  object  in  view,  the  following  skeleton  of  the 
ephemeris  employed  is  appended  for  the  dates  of  the  nor- 
mal places.  The  elements  used  as  a  basis  for  the  discus- 
sion are  essentially  those  of  Hind,  reduced  to  the  epoch 
1819.0.  These  elements  of  Hind  may  be  found  in  M.N., 
Vol.  36,  and  are  as  follows  : 

T  =   1S19  June  27.71547  G.M.T. 

9,  =  273°  41  32") 

i  =     80  44  38  U  8 19.0 

o,  =      13  2(1  14  ) 

log  7  =  9.533233 

Equatorial  Coordinates. 

X  =  [9.237921]  ;•  sin  [  35°  17  50.8 +  c] 
ij  =  [9.996725]  )•  sin  [260  42  30.1 +r] 
.«   =   [9.996730]  r  sin  [349  50  18.2  +  c] 


The  positions  of  the  sun  were  found  with  the  assistance 
of  Newcomb'.s  '•  Tables  of  the  Sun,"  as  follows: 


True  long,  of  0 

logi? 

Lat.  of  0 

Sid.  Time 

July 

5 

102  33  39.4 

0.0072117 

-0.21 

6  50  34.6 

11 

108  16  45.6 

71438 

—  0.08 

7  14  14.0 

19 

115  54  42.5 

69549 

+  0.78 

45  46.4 

27 

123  33  21.1 

66154 

+  0.30 

8  17  18.9 

Aug. 

4 

131  12  37.7 

61409 

-0.39 

48  51.3 

16 

142  43  37.2 

52694 

+  0.69 

9  30  10.0 

26 

152  22  7.9 

43516 

-0.19 

10  15  35.6 

Sept 

14 

170  48  16.6 

22839 

+  0.54 

11  30  30.1 

24 

180  35  12.3 

0.0010744 

-0.53 

12  9  55.6 

Oct. 

13 

199  19  5.5 

9.9987028 

+  0.29 

13  24  50.1 

From  these  data  the  following  coordinates  of  the  sun 
were  computed,  using  Newcomb's  values  of  the  obliquity 
of  the  ecliptic.  The  rectangular  coordinates  are  referred 
to  the  true  equinox  and  equator.  The  equation  of  time  is 
to  be  added  to  apparent  time. 


Equation 

of  Time 

X 

y 

Z 

July  5 

+ 

4   0.5 

-0.221120 

+  0.910340 

+  0.395166 

11 

57.6 

318852 

885462 

384368 

19 

5  49.8 

444042 

838404 

363945 

27 

6  8.5 

561234 

776164 

336927 

Aug.  4 

5  48.7 

668209 

699911 

303822 

16 

4  8.0 

805473 

562310 

244098 

26 

+ 

1  47.2 

894874 

429709 

186533 

Sept.l4 

— 

4  18.4 

0.992354 

+  0.147358 

+  0.063969 

■   24 

7  47.7 

1.002424 

-0.009416 

-0.004089 

Oct.  13 

— 

13  33.1 

-0.940880 

-0.302551 

-0.131335 

For  the  reductions  from  the  equinox  and  ecliptic  of 
1819.0  to  that  of  the  date  of  observation  the  following 
values  of  the  independent  star  numbers  were  computed 
from  Bau.schinger's  Tafeln  sur  Theoretischen  Astronomie. 
These  dates,  as  well  as  the  preceding,  are  with  reference  to 
Greenwich  Mean  JSfoon. 
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July 


11 
19 


Aug.  4- 
K) 
26 

Sept.  14 
24 

Oct.   13 


+  19.60 
20.62 
21.94 
28.20 
24.38 
26.02 
27.23 
29.29 
30.30 

+  32.26 


G 

315°  51 

317  2 

318  24 

319  31 

320  25 

321  29 

322  12 

323  30 

324  17 
326  14 


logr/ 
1.0755 


1063 
1232 
1391 
1608 
1763 
2005 
2110 
1.2278 


II 

168  °26' 

163  7 

155  58 

148  40 

141  12 

129  41 

119  41 

99  59 

89  21 

69  5 


log  /) 

1.3094 
3076 
3044 
3003 
2956 
2882 
2824 
2748 
2737 

L.2782 


-1.76 
2.55 
3.55 
4.51 
5.37 
6.48 
7.19 
8.03 
8.14 

-7.68 


The  positions  of  the  comet  as  given  by  Hixd's  elements  for  the  dates  of  the  normal  places  are, 


a  app. 

6  app. 

log  r 

log  A 

Ab.  time 

July 

5 

6*' 58"'  5^25 

+  45°  48  3l"o 

9.6037 

9.9408 

0.00504 

11 

7  20  40.94 

50  19  43.8 

7053 

0.0267 

614 

19 

43  20.70 

51  50  40.5 

8265 

1117 

747 

27 

8     0  22.20 

47  25.0 

9224 

1718 

858 

Aug. 

4 

13  53.01 

20  49.2 

9.9987 

2157 

950 

16 

29  51.14 

50  40  22.7 

0.0890 

2621 

1057 

26 

40  11.75 

19  55.6 

1492 

2879 

1121 

Sept. 

14 

53  14.66 

29  40.9 

2395 

3158 

1195 

24 

56  22.43 

51     3  51.4 

2785 

3222 

1213 

Oct.    13 


8  52  59.31 


+  53     6  16.6 


0.3412 


0.3242 


0.01219 


Only  a  comparatively  small  number  of  observations  are 
given  which  include  the  designation  of  the  stars  upon 
which  the  comet  position  depends.  The  places  of  these 
stars  have  in  general  been  found  by  a  comparison  of  La- 
lande  and  Groombridge  with  the  A.G.  Harvard  and  Bonn 
CataloEfs.      No.  2  and  No.  19  beloni'  to  the  Fundamental 


Catalog.  No.  5  is  discussed  by  Porter  in  the  Cincinnati 
observations.  The  epoch  of  Groombridge  is  so  near  the 
time  of  the  comet's  appearance,  that  I  have  often  given  it 
more  weight  than  it  might  receive  in  connection  with  more 
modern  observations.     The  positions  as  used  are  : 


a  1819.0 

81S19.0 

a  1819.0 

8  1819.0 

a  1819.0 

8  1819.0 

1 

6''2l"54!04 

+  44°  41  lo'.O 

11 

7"  15"  15!89 

+  48°16'39"5 

21 

8 

''23"39!oi 

49°  59'  23^5 

2 

33  41.06 

43  44  43.6 

12 

16     9.56 

50     2     1 .2 

22 

30     2.36 

50  37  45.4 

3 

44  23.67 

45  18  58.5 

13 

19  25.78 

51  41  20.7 

23 

50  18.00 

39     3.4 

4 

54     5.48 

43     8     1.2 

14 

25  34.51 

50  55  41.1 

24 

53  41.63 

5 

7     2  22.28 

47  32  55.3 

15 

30  19.32 

51     0.0 

25 

42.64 

19  26.7 

6 

3  40.29 

48  46  21.1 

16 

32  23.59 

50  26  53.6 

26 

57  14.68 

50  33  24.9 

" 

11  35.24 

41     0  34.2 

17 

39  31.57 

51  45  22.2 

27 

59  16.37 

51  10  11.8 

8 

12  16.40 

48  53  22.7 

18 

44  25.15 

51  49  17.3 

28 

9 

10     8.14 

50  18  24.0 

9 

13     1.80 

49  33  28.3 

19 

54  47.57 

52     1     1.2 

29 

9 

20  53.92 

+  50  13  46.4 

10 

7  14     7.61 

+  43  36  22.8 

20 

7  55  27.80 

+  51  49  47.2 

The  following  is  a  complete  list  of  the  published  obser- 
vations of  this  comet  so  far  as  they  have  come  to  my 
notice  : 

Berlin.  A  series  by  Bode,  extending  through  July,  and 
published  in  Von  Zach,  Vol.  II,  and  the  B.J.  for  1822. 
The  first  five  observations  were  made  on  the  two-foot 
Troiighton  Circle,  the  comet  being  observed  differentially. 
The  remaining  observations  were  made  with  a  ring  microm- 
eter, on  the  3.5-foot  Dolland  telescope. 

Bremen.  A  series  of  observations  by  Olbers,  made  with 
a  ring  micrometer,  from  July  6  to  Oct.  12.  The  observa- 
tions for  July  are  reduced   from    the    Schur-Stichtenoth 


edition  of  Olbers's  Works.  The  remainder  are  taken  from 
the  B.-l.  for  1823,  and  are  of  necessity  mere  copies,  as  no 
data  are  given  for  a  new  reduction. 

Cnicow.  These  observations  are  contained  in  the  B.J. 
for  1822.  No  use  has  been  made  of  them  on  account  of 
their  inaccuracy. 

Dorpat.  This  series  by  Struve  and  his  assistants  is 
one  of  the  most  important  in  existence.  The  right-ascen- 
sions during  July  and  August  were  observed  in  the  meridian 
at  lower  culmination.  The  declinations  for  the  same  period 
are  deduced  from  zenith  observations  made  with  a  repeat- 
ing circle.     At  first   the   absolute   zenith   distance  of  the 
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comet  was  measured.  Later,  on  account  of  the  failing 
light  of  the  comet,  the  difference  of  its  zenith  distance  from 
that  of  the  Pole  Star  was  observed.  The  September  and 
October  observations  were  made  with  the  ring  micrometer. 
The  star  for  October  12  can  not  with  certaintj'  be  identified. 
In  the  B.J.  for  1823  Olbers  states  that  he  and  Struve 
used  the  same  star,  and  then  gives  the  position  of  the 
comet  as  deduced  by  Struve.  This  position  is  the  one 
used.  Otherwise  the  observations  have  been  reduced  from 
the  originals  in  Dorpat  Observations,  Vol.  II,  using  the 
clock  corrections  given  by  Struve  in  Vol.  III.  The  decli- 
nations contain  the  parallax. 

Florence.  Two  observations  recorded  by  Vox  Z.-vch. 
No  details  are  given,  but  they  were  evidently  transits  at 
lower  culmination. 

Genoa.  A  series  of  July  observations  given  by  Von 
Zach.  Neither  the  observer's  name,  nor  any  other  particu- 
lars, have  been  given.  No  use  has  been  made  of  the  series 
on  account  of  the  inexactness  of  the  observations. 

Guftingen.  The  first  observation  is  by  Vox  Zach. 
During  the  interval  July  19-26,  Gauss  observed  on  the 
Repsold  Circle  at  lower  culmination.  After  July  26,  G-auss 
observed  the  transits  on  the  Reichenbach  instrument,  and 
Hardixg  secured  the  declination  with  the  Repsold  Circle. 
The  observations  are  published  by  Vox  Zach,  and  in  the 
B.J.  for  1822. 

Greenwich.  A  series  of  observations  by  Fond.  The 
meridian  observations  are  published  in  the  Greenwich 
Observations  for  1819.  The  remainder  are  given  by  Vox 
Zach  and  the  B.J.  for  1822. 

Hambtirg.  A  single  observation  by  Repsold,  of  which 
no  use  has  been  made. 

Kremsmiinster.  A  series  of  Julj"  and  August  observa- 
tions, made  with  a  three-foot  Dolland  telescope  supplied 
with  a  net.  The  right-ascensions  have  been  used,  but  not 
the  declinations.  These  latter  are  evidently  affected  by 
some  systematic  error.  The  observations  are  published  in 
the  B.J.  for  1822. 

Mannheim.  Nine  observations  by  Nicolai,  given  by 
Vox  Zach  and  the  B.J.  for  1822.  Except  the  last  two  all 
were  made  in  the  meridian. 

Milan.  These  observations  have  been  completely  revised, 
using  the  material  furnished  by  Von  Zach.  The  observer 
was  Carlini,  and  the  instruiuent  was  an  equatorial  sector. 
After  the  observations  had  been  reduced,  they  were  found 
to  contain  a  residual  that  varied  its  sign  according  as  the 
transit  of  the  comet  had  been  observed  above  or  below  that 
of  the  comparison-star.  Fort^unately  the  observations  had 
been  made  on  a  few  days  with  two  stars,  so  that  this  error 


could  be  computed  and  eliminated.  An  average  inclination 
of  the  vertical  thread  of  the  instrument  used  by  Carlini, 
amounting  to  a  quarter  of  a  degree,  seems  to  explain  the 
discrepancies. 

Munich.  The  observations  were  made  by  Soldner  upon 
a  variety  of  instruments.  Thej^  are  to  be  found  in  Von 
Zarh,  and  the  declinations  are  not  of  very  great  worth. 

Padua.  A  long  series  of  observations  j)ublished  anony- 
mously in  Von  Zach. 

Palermo.  Another  long  series  published  by  Cacciatore 
in  the  B.J.  for  1823. 

Paris.  Two  series  published  in  the  Connaissance  des 
Temps  and  the  first  volume  of  the  Paris  Observations. 
The  first  series  consists  of  meridian  observations  between 
July  5  and  August  15.  The  other  series  are  extra  meridian 
observations  extending  throughout  the  months  of  July 
and  August. 

Prag.  The  observations  of  Hallaschka  have  not  been 
used  on  account  of  their  inexactness.  The  observations  of 
David  and  Bittner  have  been  reduced  from  the  B.J.  for 
1823.  They  were  made  with  a  seven-foot  Dolland  equa- 
torial. No  account  has  been  taken  of  the  declinations,  and 
the  temptation  to  exclude  the  right-ascensions  was  veiy 
strong. 

Seeherg  (Gotha).  A  series  of  July  and  August  observa- 
tions by  LiNDEMAN  and  Encke.  In  general  they  are  made 
with  a  ring  micrometer,  though  throughout  July  the  obser- 
vation was  often  repeated  on  the  meridian  instrument. 
The  series  is  to  be  found  in  Von  Zach  and  the  B.J.  for 
1822. 

Vienna.  These  observations  are  to  be  found  in  the  P>.J. 
for  1823.  A  portion  of  the  observations  were  made  with  a 
Dolland  telescope,  in  which  the  sight  field  was  used  as  a 
ring  micrometer.  The  remainder  were  made  upon  a  tran- 
sit instrument.  No  account  has  been  taken  of  the  decli- 
nations. 

Viviers.  According  to  the  Bulletin  Astronomiqve  there 
are  observations  ot  this  comet  by  Flaugergues,  extending 
from  July  5  to  September  2,  which  have  never  been  pub- 
lished. They  would,  however,  be  of  comparatively  small 
importance,  as  this  portion  of  the  orbit  is  well  covered. 

Wilnu.  In  the  B.J.  for  1823  a  series  by  Sxiadecki  from 
July  6  to  August  10  is  recorded.  No  particulars  are 
given,  but  the  observations  were  probably  made  upon  a 
meridian  instrument. 

In  comparing  the  observations  with  the  ephemeris,  the 
times  of  observation  have  been  corrected  for  aberration, 
and  also  reduced  to  Greenwich  Mean  Time. 
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Date 

Place 

a  apiJareut 

■^ 

Aa  COS  S 

U't. 

S  apparent 

■^ 

AS 

\vt. 

* 

July 

2.46258 

Berlin 

6"  47" 

0.00 

+  2l!'9 

1 

+  41" 

56     0.0 

+ii'!o 

+  23  "7 

1 

Mer. 

3.35638 

Milan 

51 

1.41 

+  0.43 

+  38.3 

0 

43 

28  26.9 

9.3 

-   7.9 

3 

7 

3.36607 

Padua 

50 

53.00 

.41 

-81.2 

0 

14  40.0 

9.7 

-14'  53".0 

0 

3.37753 

Milan 

51 

3.62 

.43 

+   5.3 

2 

30  35.8 

9.3 

-   2.1 

3 

16 

3.38125 

Vienna 

4.51 

.24 

—   1.5 

1 

4 

3.38220 

Munich 

5.00 

.34 

+   2.2 

3 

3l'    "0.0 

10.0 

7.2 

1 

3.42581 

Dorpat 

17.53 

8.1 

3 

35  39.7 

+  11.2 

0 

Mer. 

3.43431 

Paris 

20.10 

.24 

14.8 

2 

35  59.1 

10.0 

-    7.6 

0 

2 

3.44897 

Seeberg 

23.20 

+  0.08 

+   4.6 

2 

37  40.0 

10.6 

+   9.0 

2 

3.47023 

Seeberg 

28.13 

-   4.0 

0 

Mer. 

3.47467 

Gofctingen 

29.40 

3.7 

3 

Mer. 

3.47653 

Mannheim 

30.07 

1.1 

3 

40     0.0 

10.6 

-   S.l 

i 

Mer. 

3.50003 

Greenwich 

35.60 

8.7 

2 

41   13.0 

10.7 

68.7 

0 

Mer. 

3.56151 

Paris 

51 

53.23 

-0.27 

+  3.1 

•> 

47  51.1 

10.0 

-19.8 

0 

3,1 

3.63174 

Palermo 

52 

11.20 

-0.68 

—   7.5 

2 

55  14.0 

7.6 

+  28.3 

0 

4.34319 

Padua 

55 

24.13 

+  0.48 

+  79.0 

0 

44 

54  36.0 

8.8 

—  2'  27" 

0 

4.34947 

Milan 

19.19 

.45 

8.5 

•) 

57  50.3 

8.6 

+  18.3 

3 

7 

4.36638 

Milan 

28.53 

.45 

62.4 

0 

58  55.7 

8.6 

0.3 

3 

7 

4.37342 

Munich 

26.53 

.37 

20.3 

3 

59  56.0 

9.5 

+  24.6 

1 

4.38462 

Milan 

30.77 

.45 

36.2 

2 

45 

0  11.1 

8.6 

-18.1 

3 

'9" 

4.40207 

Paris 

32.43 

.35 

4.4 

2 

1  56.1 

9.5 

+   4.6 

2 

2 

4.40421 

Seeberg 

35.13 

.25 

26.0 

2 

2  24.0 

9.8 

21.7 

2 

4.42595 

Dorpat 

39.23 

7.4 

3 

4  20.6 

22.5 

2 

Mer. 

4.42746 

Vienna 

38.47 

+  0.10 

-   7.3 

1 

4.46287 

Berlin 

49.27 

+  12.9 

1 

7  24.0 

10.2 

+  36.1 

1 

Mer. 

4.47035 

Seeberg 

50.47 

+   5.2 

2 

6  54.0 

10.3 

-31.1 

0 

Mer. 

4.47646 

Palermo 

51.43 

-0.03 

-  0.6 

2 

8     1.0 

7.8 

+  14.9 

2 

4.47665 

Mannheim 

51.87 

+   2.8 

3 

20.0 

10.3 

+  85.0 

0 

Mer. 

5.34405 

Pachui 

59 

42.40 

+  0.47 

+  1'54". 

5  0 

46 

12  14.0 

8.5 

-48.9 

0 

5.34881 

Milan 

33.59 

.47 

10.7 

2 

13  26.0 

8.0 

+   0.6 

3 

'9' 

5.36306 

Milan 

37.27 

.47 

11.8 

2 

14  33.9 

8.0 

9.0 

3 

9 

5.36565 

Munich 

37.80 

.39 

10.3 

3 

49.0 

9.0 

+  19.9 

1 

5.42,594 

Dorpat 

53.29 

10.3 

3 

18  43.7 

-   6.9 

2 

Mer. 

5.43493 

Seeberg 

56.07 

+  0.12 

+  17.1 

2 

19  22.0 

9.7 

+   2.7 

2 

5.45441 

Vienna 

58.40 

-10.1 

0 

Mer. 

5.46937 

Palermo 

7     0 

2.73 

-6.02 

-   3.2 

0 

'21'  .n.6 

7.6 

16.7 

2 

5.47036 

Seeberg 

3.80 

+   4.6 

2 

56.0 

9.9 

11.3 

0 

Mer. 

5.47666 

Mannheim 

5.20 

+   2.8 

3 

22  20.0 

9.8 

+  10.1 

1 

Mer. 

5.49995 

Paris 

10.20 

-   5.4 

3 

23  43.0 

9.9 

-   1.6 

1 

Mer. 

5.51991 

Greenwich 

9.00 

-0.08 

69.4 

0 

25     2.0 

9.7 

4.1 

2 

6.32231 

Milan 

3 

30.79 

+  0.48 

10.7 

0 

47 

17  17.5 

7.5 

-1'40" 

0 

9 

6.33616 

Milan 

21.08 

.48 

-2'  23" 

5  0 

16  34.9 

7.5 

+   3.6 

3 

9 

6.33882 

Padua 

37.33 

.49 

+  15.5 

2 

15  21.0 

8.2 

-1'16".9 

0 

6.35249- 

Munich 

38.60 

.42 

-   5.8 

3 

17  19.0 

8.4 

-   6.7 

1 

6.37350 

Munich 

45.80 

.35 

+  15.1 

3 

18  50.0 

8.8 

+  11.2 

1 

6.37620 

Vienna 

39.00 

.30 

-61.3 

0 

6.38830 

Bremen 

48.00 

.30 

+   2.3 

3 

'20  29.8 

ai 

-   5.4 

2 

5 

6.40386 

Seeberg 

52.20 

.20 

4.5 

2 

29.0 

9.4 

+   4.9 

'> 

6.42573 

Prague 

4 

1.63 

+  0.02 

35.6 

0 

5' 

6.42584 

Dorpat 

3 

58.45 

+  12.2 

3 

22     9.4 

+  20."l 

2 

Mer. 

6.42960 

Wilna 

53.27 

-49.8 

0 

21  44.0 

9.6 

-1'48".8 

0 

Mer. 

6.45452 

Vienna 

4 

4.33 

+   1.9 

1 

Mer. 

6.46278 

Berlin 

7.33 

+  12.3 

1 

24  26.6 

'9.4 

+  38.7 

i 

Mer. 

6.46934 

Palermo 

7.07 

-0.01 

-  5.6 

2 

18.0 

7.6 

13.3 

2 

6.47027 

Seeberg 

8.67 

+   7.5 

2 

33.0 

9.7 

19.5 

2 

Mer. 

7.32305 

Milan 

7 

29.74 

+  6.48 

9.4 

2 

48 

9  37.9 

7.2 

11.7 

3 

9 

7.33689 

Milan 

33.38 

.48 

+  13.7 

2 

10  20.0 

7.2 

13.1 

,", 

9 

7.34944 

Kremsraiinster 

33.20 

.39 

-18.1 

1 

7.35999 

Munich 

37.73 

.38 

+   2.6 

3 

11  34.6 

'8.3 

12.9 

1 

7.37241 

Vienna 

41.81 

.31 

14.0 

1 

6 

7.41560 

Seeberg 

7     7 

52.47 

+  0.38 

+  21.4 

2 

+  48 

13  54.0 

+  '8.3 

+   1.1 

0 
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THE 

ASTEONOMICAL 

JOURNAL. 

65 

0  — C^ 

0  — C 

Date 

Place 

a  apparent 

TT 

Aa  COS  S 

Wt. 

S  apparent 

TT 

•^^„ 

Wt. 

^ 

July 

h       1 

11           S 

s 

It 

0             '             // 

It 

7.42f)GG 

Doi'pat 

7     7 

54.35 

+  13.1 

3 

+  48  14  53.6 

+  23.6 

•> 

Mer. 

7.44937 

Prague 

8 

0.48 

+  0.01 

23.9 

1 

11 

7.45432 

Vienna 

7 

59.67 

0.0 

2 

Mer. 

7.47280 

Palermo 

8 

3.93 

-0.02 

0.8 

2 

16  50.0 

+   7.2 

15.0 

2 

7.48966 

Greenwich 

9.50 

+  0.04 

19.0 

2 

17  41.0 

8.8 

15.8 

2 

7.5G766 

Padua 

33.07 

-0.39 

+  1'9".( 

0  0 

21  16.0 

8.4 

+  11.8 

1 

S.33792 

Milan 

11 

19  35 

+  0.49 

-   2.4 

o 

;) 

8.34697 

Milan 

22.41 

.49 

+   7.9 

o 

55     7.5 

'6.9 

-    1.6 

3 

9,  12 

8.35391 

Milan 

23.73 

.49 

5.7 

o 

33.1 

6.9 

+   8.8 

3 

12 

8.36519 

Padua 

27.33 

.39 

+  15.3 

2 

56  21.0 

8.1 

32.6 

1 

8.37214 

Vienna 

27.46 

.36 

-   5.0 

1 

8 

8.44750 

Greenwich 

45.20 

.31 

+  11.2 

2 

59  15.0 

8.1 

8.8 

2 

8.45069 

Paris 

45.39 

+  0.15 

+   4.0 

o 

31.3 

8.7 

+    1.7 

2 

9 

8.45399 

Vienna 

44.47 

-13.6 

2 

Mer. 

8.47097 

Palermo 

52.60 

-0.02 

+  30.1 

O 

58.6 

6.8 

—   2.0 

2 

8.49309 

Paris 

56.30 

17.4 

3 

57.3 

10.0 

+   2.6 

1 

Mer. 

9.32158 

Milan 

14 

55.40 

+  0.49 

11.8 

2 

49  31  20.7 

6.6 

5.8 

3 

9,12 

9.33679 

Milan 

58.82 

.49 

13.5 

2 

59.2 

6.6 

+  13.7 

3 

9,  12 

9.33740 

Padua 

15 

0.40 

.46 

27.1 

2 

44.0 

7.2 

-    1.4 

1 

9.39132 

Paris 

10.69 

.35 

14.1 

2 

33  44.8 

6.4 

+   9.8 

9,  12 

9.42496 

Dorpat 

18.68 

19.0 

3 

35  10.1 

22.1 

o 

Mer. 

9.42874 

Wilna 

20.00 

24.0 

1 

19.1 

8.4 

32.3 

1 

Mer. 

9.43817 

Bremen 

20.82 

+  0.12 

13.5 

3 

8.0 

8.5 

1.(5 

2 

9,  12 

9.47901 

Palermo 

29.83 

-0.04 

16.2 

2 

36  36.0 

6.5 

11.7 

2 

9.49267 

Paris 

32.68 

15.2 

3 

56.3 

8.6 

3.1 

1 

Mer. 

10..32109 

Milan 

18 

24.88 

+  0.49 

14.7 

2 

50     2  10.0 

6.3 

13.6 

3 

9,  12 

10.33540 

Milan 

27.66 

.49 

+  13.4 

O 

32.1 

6.2 

+  12.9 

3 

12 

10.33619 

Padua 

25.60 

.45 

-  8.5 

2 

1  58.0 

6.9 

-22.6 

1 

10.35906 

Paris 

33.13 

.43 

+  18.7 

2 

3     5.9 

6.9 

+  8.1 

2 

12 

10.35964 

Padua 

26.60 

.38 

-45.7 

0 

3  13.0 

7.4 

14.1 

1 

10.39565 

Prague 

39.14 

.04 

+   0.5 

1 

12 

10.40872 

Vienna 

41.87 

+  0.30 

4.0 

1 

10.42821 

Wilna 

47.93 

21.1 

1 

5  14.8 

's.'i 

23.5 

1 

Mer. 

10.45819 

Prague 

55.52 

35.4 

1 

Mer. 

10.47929 

Palermo 

58.03 

-0.04 

18.7 

2 

<;'  37.6 

'6.4 

23.9 

2 

11.32182 

Milan 

21 

46.49 

+  0.47 

23.3 

o 

27  19.9 

6.2 

12.1 

3 

12 

11.33786 

^lilan 

49.22 

.47 

19.3 

2 

44.5 

6.2 

10.3 

3 

12 

11.34835 

Padua 

49.80 

.40 

4.1 

2 

59.0 

7.0 

10.9 

1 

11.39076 

Seeberg 

59.80 

.25 

18.7 

o 

29  15.0 

7.5 

+  29.8 

2 

11.42776 

Wilna 

oo 

9.15 

36.5 

1 

28  31.4 

7.9 

-1'3".3 

0 

Mer. 

11.45028 

Paris 

12.73 

+  0.15 

+  30.0 

2 

30     4.3 

7.9 

-  0.1 

12 

11.46090 

Berlin 

9.60 

—  21.0 

0 

50.0 

8.0 

+30.7 

1 

Mer. 

11.47454 

Mannheim 

16.00 

-^14.4 

3 

31  20.0 

8.0 

42.7 

0 

Mer. 

11.47922 

Palermo 

18.03 

-6.03 

25.3 

2 

30  56.0 

5.9 

13.3 

2 

11.49155 

Paris 

20.22 

23.3 

3 

31     2.7 

8.1 

3.4 

1 

Mer. 

11.49802 

Greenwich 

20.00 

9.5 

2 

22.0 

8.0 

13.6 

•) 

Mer. 

12.32666 

Milan 

24 

59.48 

+  6.43 

20.5 

2 

48  18.9 

6.1 

21.2 

3 

12 

12.34008 

Palermo 

25 

1.93 

.45 

19.6 

o 

25.0 

6.6 

13.0 

2 

12.39360 

Seeberg 

13.07 

.24 

28.0 

2 

49  20.0 

7.4 

9.6 

2 

12.42250 

Bremen 

16.24 

+  0.16 

+   5.8 

3 

51.9 

7.5 

9.8 

2 

14 

12.42697 

Wilna 

16.56 

-   0.6 

1 

48.4 

7.7 

1.7 

1 

Mer. 

12.46011 

Berlin 

24.13 

+  12.2 

1 

50  55.0 

7.7 

+  31.9 

1 

Mer. 

12.52777 

Padua 

42.20 

-0.23 

+  1'1".4 

0 

43.0 

7.5 

-53.1 

0 

13.32953 

Milan 

28 

4.97 

+  0.44 

25.4 

2 

51     4  59.9 

6.1 

+  15.4 

3 

12 

13.34909 

Munich 

8.33 

.37 

+  23.2 

3 

5  37.0 

6.7 

34.8 

1 

13.36479 

Vienna 

8.27 

+  0.28 

-   4.8 

1 

13.42237 

Dorpat 

21.91 

+  23.2 

3 

6  26.8 

12.7 

2 

Mer. 

13.44973 

Vienna 

25.80 

13.5 

2 

Mer. 

13.47333 

Palermo 

31.80 

-O.Oo 

30.2 

') 

7  15.6 

5.8 

+  '6.2 

2 

13.49005 

Paris 

34.07 

23.2 

3 

0.0 

7.6 

-   5.9 

1 

Mer. 

13.49384 

Padua 

7  28 

.34.00 

-0.11 

+  15.1 

o 

+  51     7     3.0 

+   7.6 

-   6.0 

1 
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o  —  c 

O-c 

Date 

Place 

a  apparent 

T 

Aa  cos  S 

Wt. 

8  apparent 

T 

A^ 

Wt. 

* 

July 

13.49653 

Greenwich 

h       11 

7  28 

34.50 

^ 

+  16"  2 

o 

+  51°    7'  3L0 

+   7.6 

+  19^7 

0 

Mer. 

13.55239 

Pari.s 

15.88 

-0.21 

26.1 

2 

8  12.1 

7.3 

13.3 

2 

15 

14.32871 

Milan 

31 

2.40 

+  0.44 

30.S 

2 

IS  26.7 

6.1 

+  14.9 

,*> 

12 

14.34229 

Paclna 

1.67 

.39 

+    1.1 

2 

13.0 

66 

-   8.3 

1 

14.38570 

Vienna 

8.80 

.21 

-   3.8 

1 

14.40429 

Berlin 

16.47 

.16 

+  37.4 

1 

19  28.0 

'7.1 

+  22.9 

1 

14.40904 

Paris 

14.17 

.26 

9.1 

2 

28.7 

6.9 

21.4 

2 

15 

14.41497 

Bremen 

15.45 

+0.17 

10.7 

3 

32.1 

7.1 

19.9 

2 

13,  15,  16 

14.42525 

Wilna 

17.47 

11.3 

1 

56.5 

7.3 

+  36.0 

1 

Mer. 

14.46446 

Florence 

26.47 

32.1 

1 

46.0 

7.5 

-   1.1 

1 

]\Ier. 

14.48361 

Palermo 

28.97 

-6.06 

24.3 

2 

20  18.0 

5.7 

+  16.8 

2 

14.48919 

Paris 

29.83 

23.7 

."i 

19  56.0 

7.4 

-    8.0 

1 

Mer. 

15.33187 

Milan 

33 

53.06 

+  0.43 

+  31.7 

2 

29     8.7 

+  5.8 

+  13.9 

2 

12 

15.34708 

Mrinicli 

55.40 

.35 

+  29.3 

3 

31.0 

6.3 

27.6 

1 

15.36061 

Vienna 

53.87 

.28 

-   6.8 

1 

15.41139 

Bremen 

34 

3.77 

.17 

+   5.8 

3 

30     2.1 

6.9 

24.0 

2 

15,  16 

15.42432 

Wilna 

33 

59.90 

-51  9 

0 

31   10.6 

7.0 

+  1'  24".6 

0 

Mer. 

15.45797 

Greenwich 

34 

19.40 

+  0.11 

+  78.9 

0 

30  11.0 

7.1 

6.4 

2 

15.48347 

Palermo 

17.80 

-0.06 

23.5 

o 

37.0 

5.6 

18.3 

2 

15.48823 

Paris 

18.53 

+  22.9 

3 

47.0 

7.2 

25.9 

1 

Mer. 

16.36529 

Kremsniiinster 

36 

37.60 

+  0.27 

-   9.6 

1 

16.38722 

Vienna 

42.87 

+   .19 

+  13.2 

1 

16.44821 

Vienna 

53.20 

18.0 

o 

Mer. 

16.46393 

Seeberg 

57.80 

29.1 

o 

38  34.0 

6.8 

22.9 

2 

Mer. 

16.47022 

Mannheim 

57.93 

21.0 

3 

40.0 

7.0 

26.5 

1 

Mer. 

16.47730 

Seeberg 

37 

0.40 

-0.04 

33.0 

o 

34.0 

6.8 

17.3 

0 

16.48721 

Paris 

0.97 

24.1 

3 

50.7 

7.1 

30.1 

1 

Mer. 

17.32897 

Milan 

39 

12.70 

+  0.41 

25.3 

•> 

43  50.4 

5.6 

15.4 

3 

12,  19 

17.33904 

Palermo 

14.60 

.40 

28.1 

2 

51.0 

5.8 

+  12.6 

2 

17.36401 

Padua 

27.07 

.30 

+  ]'47".2 

6 

3.0 

6.3 

-43.1 

0 

17.46913 

Mannheim 

34.53 

23.4 

3 

45     0.0 

6.9 

+  40.8 

1 

Mer. 

17.48613 

Paris 

18.13 

.33 

1 6.9 

2 

44     7.0 

6.0 

17.6 

2 

19 

18.33128 

Milan 

41 

45.18 

.39 

29.8 

2 

48  39.6 

5.5 

23.2 

3 

19 

18.36765 

Padna 

50.33 

.28 

26.4 

2 

40.0 

0.2 

27.8 

1 

18.37756 

Vienna 

49.33 

.21 

3.2 

1 

18.39704 

Prague 

57.96 

.03 

53.9 

0 

19 

18.41455 

Seeberg 

57.87 

.13 

30.5 

2 

55.0 

6.5 

20.4 

2 

18.41762 

Bremen 

57.86 

.14 

26.0 

3 

52.8 

6.5 

16.7 

•> 

17.  18 

18.42277 

Paris 

58.56 

.19 

26.3 

2 

43.6 

6.6 

7.5 

2 

19 

18.44602 

Vienna 

42 

1.60 

19.2 

2 

Mer. 

18.46171  . 

Seeberg 

5.00 

30.4 

2 

49  13.0 

(;.7 

27.8 

2 

Mer. 

18.46800 

Mannheim 

5.20 

23.5 

3 

40.0 

6.7 

53.4 

0 

Mer. 

18.47500 

Greenwich 

10.50 

+  0.05 

69.4 

0 

26.0 

6.7 

37.9 

0 

18.48123 

Palermo 

7.83 

-0.05 

30.3 

2 

12.0 

5.1 

+  22.0 

2 

18.48498 

Paris 

7.00 

25.5 

3 

48  46.2 

6.8 

—   3.7 

1 

Mer. 

19.33019 

Milan 

44 

11.44 

+  0.37 

31.6 

2 

51  48.8 

5.4 

+  17.8 

."> 

19 

19.34273 

Padua 

13.33 

.34 

32.3 

2 

58.0 

5  7 

25.8 

1 

19.34820 

Munich 

13  60 

.31 

27.0 

3 

55.0 

5.8 

+  22.0 

1 

19.36811 

Kremsmunster 

14.60 

.24 

9.2 

1 

19.37510 

Prague 

19.79 

.04 

+  46.5 

1 

19 

19.38226 

Vienna 

13.33 

.19 

DO   1 

0 

19.40194 

Berlin 

20.33 

.14 

+  16.6 

1 

29.0 

6.4 

-11.6 

0 

19.42255 

Seeberg 

25.00 

.11 

32.2 

2 

59.0 

6.5 

+  15.3 

2 

19.42632 

Bremen 

27.03 

+  0.14 

58.0 

0 

57.5 

6.3 

13.1 

2 

19 

19.44475 

Vienna 

27.27 

22.6 

2 

Mer. 

19.45903 

Florence 

29.33 

22.9 

1 

53.0 

6.7 

4.2 

i 

]\Ier. 

19.46050 

Seeberg 

30.53 

32.0 

2 

52  20.0 

(i.6 

30.8 

2 

Mer. 

19.46267 

Gottingen 

29.73 

+  21.8 

3 

12.0 

6.5 

22.4 

2 

Mer. 

1 9.47473 

Palermo 

28.53 

-6.05 

-   5.6 

2 

+  51  52  30.0 

+   5.1 

+   8.8 

2 

20.34510 

Kremsniiinster 

46 

32.20 

+  0.29 

+   8.3 

1 

20.34779 

Prague 

7  4C 

33.36 

+  0.05 

+  13.0 

1 

19" 

>r»s-  o84-o85 
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Date 
July 

20.37557 
20.41487 
20.41845 
20.42502 
21.32761 
21.33802 
21.46007 
21.46990 
22.35418 
22..39115 
22.41152 
22.45657 
22.45877 
22.48634 
23.33005 
23.35840 
23.36400 
23.41081 
23.41107 
23.41532 
23.47845 
23.48492 


Place 

Vienna 

Dorpat 

Wilna 

Berlin 

Milau 

Milan 

Gbttiugen 

Greenwich 

Paris 

Seeberg 

Dorpat 

Seeberg 

Gottingen 

Greenwich 

Palermo 

Paris 

Vienna 

Dorpat 

Padua 

Berlin 

Paris 

Greenwich 


apparent 
n      m       s 

46  36.87 
44.79 
44.96 
43.13 

48  48.56 
50.48 

49  2.27 
48  39.00 
51     4.08 

9.93 
12.08 
17.53 
18.27 
21. 00 
53  8.60 
12.39 

8.07 
11.78 
18.73 
16.33 
27.14 
27.00 


O  — C^ 

Aa  cos  S      Wt. 


+  0.19 


0.07 
.36 
.36 


.05 
.17 


+  0.36 

-0.12 

.21 

+  0.12 
.19 


+  11.6  1 

33.0  3 

29.8  1 
5.1  1 

31.0  2 

+  36.8  2 

-  9.4  0 

-3'  53". 4  0 

+  31.6  2 

39.6  2 

33.9  3 
30.2  2 
34.4  3 

26.7  2 

31.0  2 
+  28.5  2 
-14.9  0 
+  37.3  3 

27.9  2 

1.9  1 

26.1  3 
+  18.0  2 


8  apparent 

+  51  54  22.1 

9.7 

.53  34.0 

54  56.6 
51.0 
58.0 

55  0.0 

54  52.1 
43.0 

55  5.0 

54  56.0 

55  24.0 
54     6.0 

25.5 

45.8 
46.0 
21.0 

53  46.5 

54  19.0 


+  6.3 
5.4 


6.3 
6.3 
5.3 
5.9 

6.2 
6.1 
6.2 
5.2 
6.1 


6.1 
5.7 
6.1 
6.1 


O  — C 

a8 


+  37.3 
+  30.8 
—  6.2 
+  24.2 
18.3 

9') 


.O  J, 

24.5  2 

11.8  2 
3.9  2 

27.4  2 
18.3  2 
47.0  0 

1.1  2 

22.9  2 

40.2  2 

46.5  0 
+  21.2  1 
-  9.1  1 

+  73,8  0 


Mer. 
.Mer. 

19 

19 

Aler. 

19 

:\Ier. 
Mer. 
Mer. 
Mer. 

19 

Mer. 


Mer. 
.Mer. 


24.33558 
24.33565 
24.38507 
24.40430 
24.40935 
24.41301 
24.47700 
24.48348 
24.61872 
25.33224 
25.34947 
25.35848 
25.37879 
25.39152 
25.39633 
25.41161 
25.41931 
25.43646 
25.47553 
25.48200 
25.61604 
26.36865 
26.37755 
26.40523 
26.40673 
26.41000 
26.43546 
26.45292 
26.47402 
26.48048 
26.60812 
27.33118 
27.34079 
27.34603 
27.37395 
27.38647 
27.39849 
27.40482 
27.40842 


.Milan 

Kremsmiinster 

Paris 

Bremen 

Dorpat 

Wilna 

Paris 

Greenwich 

Palermo 

Milan 

Kremsmiinster 

Padua 

Vienna 

Paris 

IMunich 

Wilna 

Bremen 

Vienna 

Paris 

Greenwich 

Palermo 

Prague 

Vienna 

Bremen 

Dorpat 

Wilna 

Vienna 

Gottingen 

Paris 

Greenwich 

Palermo 

Milan 

Padua 

Kremsmiinster 

Prague 

Vienna 

Seeberg 

Dorpat 

Wilna 


55  13.63 
11.80 
19.77 
22.14 
22.23 
21.47 
30.55 
30.00 
50.40 

57  13.55 
15.80 
16.00 
16.73 
20.05 
21.13 
20.80 
23.29 
25.40 
29.98 
30  OO 
46.80 

59  13.83 
11.40 
17.81 


13.28 

17.93 

24.67 

27.42 

26.00 

41.07 

8.09 

4.13 

0.87 

8.37 

5.60 

9.80 

11.70 

5.67 


8     1 


8     1 


+  0.33 
.28 
.24 

+  0.13 


-0.46 

+  0.33 

.24 

.25 

.15 

.14 
+  0.09 


-0.45 
+0.04 


+  0.12 


-0.43 
+  0.30 
.27 
.23 
.03 
.20 
+   .13 


+  35.9 
18.6 
36.3 
34.5 
29.6 
18.7 
30.4 
18.0 
50.9 
38.8 
39.6 
31.8 
15.5 
33.0 
37.1 
15.9 
30.6 
31.4 
31.2 
25.2 
,30.1 
31.6 
2.8 

+  29.7 


1 


-17.5  0 
+  19.8  2 
42.5  3 
45.4  3 
25.7  2 
26.3  2 
+  l'24".l  0 
36.9       2 

1.3 

39.8 

2.9 

28.8 

+  38.7 

-21.0 


53  20.5 

'  18.i 
20.0 

52  59.6 
39.0 
51.5 

53  3.0 
52  32.0 
51  29.9 

41.0 

19.8 

50  52.0 

51  38.4 
32.4 

18.5 

23.0 

50  31.0 


49  21.0 

12.9 

0.3 

48  49.0 

49  10.0 

5.0 
48  13.0 

46  38.3 

47  9.0 


+  5.1 

5.5 

5.8 

5.9 
6.1 
6.0 
4.1 
5.1 

5.5 

5.5 
5.8 


6.0 
5.9 
4.1 


46  38.5 
+  51  46  19.0 


5.6 

5.6 

5.8 
5.9 
5.8 
4.0 
5.1 
5.1 


+   5.6 


+  28.6 

30.9 

34.0 

+   9.2 

-  5.2 
+  13.4 

25.3 

5.4 

21,4 

36.0 

+  is.'7 

-  8.2 
+40.1 

34.5 

28.1 
+  32.6 

-  4.1 


+  32.3 
18.6 
13.1 

8.1 

32.3 

+  28.1 

-   7.0 

+  10.7 

42.9 


17.6 
+   4.3 


3 


lit 

19 
19,  20 
Mer. 
Mer. 
Mer. 
Mer. 

19 


19 

Mer. 
19.  20 
.Aler. 
iler. 
Mer. 

19 

20 

.Mer. 
Mer. 
Mer. 
Mer. 
Mer. 

19 


19 


Jler. 

:\rer. 
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O  — C\ 

0  — C 

Date 

Place 

a  apparent 

IT 

Aa  cos  8 

Wt. 

8  apparent 

TT 

a8^ 

Wt. 

* 

July 

27.41007 

Berlin 

S     l'"  9!87 

+  0*08 

+  17^0 

1 

+  51°  46' 28.0 

+   5.7 

+  13.8 

1 

27.43393 

Vieima 

11.60 

7.6 

f) 

Mer. 

27.44916 

Seebei-cr 

15.07 

24.2 

•) 

40  17.0 

5.7 

'9.1 

0 

Mer. 

27.45133 

Gottingeii 

14.87 

20.0 

3 

Mer. 

28.33257 

Kremsmiinster 

2  51.60 

6.26 

21.8 

1 

28.36018 

Vienna 

58.57 

.18 

58.1 

0 

28.36563 

Prague 

57.09 

.03 

37.2 

1 

v.) 

28.40323 

Dorpat 

3     1.04 

36.0 

3 

44     8.8 

37.9 

0 

Mer. 

28.40691 

Wilna 

1.78 

39.0 

1 

13.0 

'5.6 

+  48.3 

1 

Mer. 

28.42222 

Paris 

2  59.48 

+  6.14 

3.7 

2 

43  20.5 

5.5 

-    1.4 

0 

19 

28.43235 

Vienna 

3     1.73 

16.8 

o 

jNIer. 

28.44267 

Mannheim 

4.07 

24.5 

3 

40.0 

5.7 

+  20.1 

1 

Mer. 

28.44513 

Munich 

4.20 

23.2 

3 

38.0 

5.7 

20.2 

1 

Mer. 

28.44976 

Gottingen 

46.0 

5.6 

29.3 

3 

28.47383 

Palermo 

7.80 

-0.06 

+  27.4 

2 

37.0 

4.5 

22.7 

2 

29.34325 

Kremsmiinster 

4  36.60 

+0.23 

-   7.8 

0 

29.36899 

Vienna 

41.27 

.15 

+  9.5 

1 

29.37443 

Prague 

44.39 

.03 

31.8 

1 

19 

29.40526 

Wilna 

45.81 

14.7 

1 

'41'    3.4 

'5.4 

42.5 

Mer. 

29.41804 

Seeberg 

49.53 

+  6.07 

37.4 

2 

29.44352 

Munich 

51.40 

29.3 

3 

40  54.0 

'  5.6 

40.5 

Mer. 

29.45007 

Mannheim 

52.13 

29.7 

3 

38.0 

5.6 

25.8 

Mer. 

29.62546 

Palermo 

5  11.40 

-6.43 

33.8 

2 

39  57.0 

3.8 

+  16.7 

30.33134 

Padua 

6  23.47 

+  0.27 

29.5 

2 

37  17.0 

4.9 

-  3.0 

30.37014 

Vienna 

26.53 

.14 

19.3 

1 

30.39927 

Dorpat 

31.72 

38.5 

3 

'  31.1 

+  19.1 

Mer. 

30.40359 

Wilna 

29.60 

14.7 

1 

31.2 

"5.4 

25.5 

JMer. 

30.40587 

Paris 

31.81 

.15 

34.6 

*2 

16.7 

5.3 

11.5 

19 

30.44649 

Gottingen 

35.47 

28.4 

3 

23.0 

5.4 

25.9 

Mer. 

30.46760 

Paris 

37.90 

30.8 

3 

1.0 

5.6 

8.4 

Mer. 

31.35019 

Padua 

8     7.07 

+  0.22 

+  30.9 

2 

33  54.0 

+  5.0 

+   1.3 

31.37288 

Vienna 

8.13 

.13 

18.9 

1 

31.37832 

Prague 

9.97 

.02 

29.6 

1 

19 

31.38284 

Seeberg 

12.13 

.14 

47.1 

2 

31.39829 

Dorjiat 

13.51 

43.9 

3 

Mer. 

31.40141 

Paris 

12.55 

+  0.15 

+  33.6 

o 

34     0.4 

'  5.3 

18.6 

19 

31.40187 

Wilna 

6.63 

-23.4 

0 

15.2 

5.3 

33.3 

Mer. 

31.42740 

Vienna 

14.33 

+  33.8 

2 

Mer. 

31.46664 

Paris 

21.16 

51.8 

3 

33  32.7- 

5.5 

+  '4.8 

Mer. 

31.49704 

Kremsmiinster 

20.27 

-0.16 

+  13.7 

1 

31.60460 

Palermo 

27.00 

-0.41 

-25.7 

0 

0.0 

'3.8 

-   0.8 

.VuBllst 

1.32376 

Padua 

9  44.00 

+  0.27 

+  37.6 

2 

30  57.0 

4.7 

+  29.3 

1.33488 

Milan 

45.83 

.26 

47.8 

o 

31     1.6 

5.0 

36.6 

19' 

1.37116 

Vienna 

48.00 

.13 

30.5 

1 

1.37659 

Prague 

54.09 

.02 

81.0 

0 

19 

1.39433 

Seeberg 

51.07 

+  0.11 

38.1 

2 

30  22.6 

5.3 

'7.'8 

1.40020 

Wilna 

49.92 

+  20.9 

1 

47.3 

5.3 

36.6 

Mer. 

1.42564 

Vienna 

48.73 

-13.2 

0 

Mer. 

1.46421 

Paris 

57.47 

+  33.2 

3 

2.2 

'5.4 

5.3 

Mer. 

1.49615 

Kremsmiinster 

58.67 

-0.16 

13.9 

1 

2.33164 

Padua 

11  21.47 

+  0.25 

40.5 

2 

28  58.6 

'4.8 

+  2' 7". 

7  0 

2.39841 

Wilna 

25.16 

13.3 

1 

27     0.1 

5  "^ 

24.6 

Mer. 

2.42395 

Vienna 

27.33 

11.0 

2 

Mer. 

3.33503 

Milan 

12  55.50 

.25 

37.6 

o 

'23  30.1 

'  5.0 

17.9 

19 

3.35584 

Milan 

57.66 

+  0.21 

39.4 

2 

30.3 

5.0 

22.6 

19 

3.39671 

Wilna 

13     1.44 

37.2 

1 

1.3 

5.2 

3.6 

Mer. 

3.43962 

Gottingen 

4.60 

29.6 

3 

25.0 

5.2 

37.5 

2 

Mer. 

3.61719 

Palermo 

21.87 

-0.41 

38.6 

2 

22  29.0 

3.4 

17.5 

2 

4.39130 

Dorpat 

14  33.07 

41.8 

3 

19  37.9 

15.1 

0 

Mer. 

4.39492 

Wilna 

8  14  32.16 

+  30.2 

1 

+  51   19  48.5 

+  '5.1 

+  31.6 

1 

Mer. 
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0-C^ 

0  — C 

Date 

Place 

a.  appai-enl 

TT 

Aa  cos  8 

\vt. 

S  apparent 

w 

AS 

Wt. 

* 

AuKUSt 

4.43137 

Seeberg 

s"  14"  37.73 

+  0.01 

+  5l"2 

2 

+  51   26      .lo 

+  .5".  2 

+  5(3.2 

0 

4.43783 

Gottingen 

35.67 

26.8 

3 

19  46.0 

.'").2 

38.6 

2 

Mer. 

4.60860 

Palermo 

53.27 

-0.40 

43.4 

2 

18   51.(1 

3.5 

19.7 

0 

5.35822 

Prague 

15  56.87 

+  0.03 

16.0 

1 

19 

5.38951 

Doi'pat 

16     2.61 

43.S 

3 

16     6.7 

24.1 

<> 

iMer. 

5.39310 

Wilna 

15  59.90 

15.7 

1 

16  41.1 

'5.1 

+  1'4".4 

0 

Mer. 

5.60049 

Palermo 

16  21.73 

—  0.39 

45.6 

2 

14  52.0 

3.5 

-   0.6 

2 

6.38698 

IJorpat 

17  28.70 

34.4 

;{ 

Mer. 

6.39134 

Wilna 

32.16 

+  1'3".4 

0 

'12  10.3 

5.0 

+  12.9 

1 

Mer. 

7.38587 

Dorpat 

18  55.40 

47.4 

", 

Mer. 

7.39012 

Wilna 

52.65 

1S.5 

1 

8  54.4 

'4.9 

34.5 

1 

Mer. 

7.40273 

Paris 

57.83 

+  0.06 

57.8 

2 

51.0 

5.0 

35.2 

2 

15 

7.45348 

Paris 

19     1.07 

47.4 

3 

IMer. 

8.33398 

Padua 

20  14.00 

+  0.15 

43.8 

2 

5  32.0 

'4.8 

35.4 

1 

8.38399 

Dorpat 

18.56 

46.7 

3 

34.4 

+  42.4 

2 

Mer. 

8.45161 

Paris 

23.60 

41.6 

3 

3  58.5 

'5.0 

-33.2 

0 

Mer. 

8.59532 

Palermo 

35.27 

-0.38 

36.6 

2 

4  10.0 

3.4 

+   7.3 

2 

9.38210 

Dorpat 

21  39.26 

40.2 

3 

1  16.4 

25.1 

0 

Mer. 

9.38573 

Wilna 

37.33 

19.1 

1 

2  16.2 

4.9 

+  60.5 

Mer. 

9.59835 

Palermo 

58.40 

-6.38 

53.0 

'> 

0  28.0 

3.4 

-  3.8 

10.34071 

Padua 

55.00 

+  0.18 

+  34.8 

2 

50  57  19.0 

4.6 

38.3 

10.38382 

Wilna 

50.11 

-45.0 

0 

36.1 

4.8 

12.2 

Mer. 

10.44782 

Paris 

2."     4.20 

1-40.6 

3 

56  56.2 

5.0 

-38.9 

Jler. 

11.44584 

Paris 

24  20.47 

+  27.0 

3 

54  18.0 

+  4.9 

+   3.8 

Mer. 

11.60136 

Palermo 

34.20 

-0.39 

40.2 

2 

53  44.0 

3.0 

-   1.3 

12.35468 

Munich 

25  31.87 

+  0.13 

48.1 

3 

51   39.0 

4.7 

+  22.4 

12.36221 

Vienna 

34.60 

.09 

68.4 

1 

12.37635 

Dorpat 

33.44 

46.3 

3 

'  46.8 

+  28.3 

Mer. 

12.41726 

Seeberg 

36.20 

.01 

43.3 

2 

13.36232 

Seeberg 

26  47.67 

.11 

54.8 

2 

47  51.0 

4.7 

-14.4 

13.37162 

Munich 

47.00 

.10 

41.0 

3 

48  31.0 

4.7 

+  27.4 

13.37440 

Dorpat 

47.96 

46.7 

3 

Mer. 

13.44201 

Paris 

51.67 

34.9 

3 

'47  47.0 

4.8 

-   3.4 

Mer. 

14.32676 

Padua 

27  54.20 

.19 

17.7 

2 

44  16.0 

4.4 

52.8 

14.38616 

Vienna 

59.70 

+  0.03 

27.6 

1 

22 

14.44006 

Seeberg 

28     4.00 

-0.05 

+  30.9 

'> 

15.43751 

Paris 

29  10.80 

-  9.0 

41'  52.6 

4.8 

- '  2.1 

Mer. 

16.33524 

Vienna 

30  19.35 

+  6.13 

+  48.6 

1 

'><y 

16.33798 

Prague 

23.32 

.02 

85.4 

0 

23 

16.36608 

Seeberg 

18.53 

.09 

19.8 

'> 

16.41678 

Paris 

24.29 

.04 

41.3 

2 

15 

17.31690 

Padua 

31  25.20 

+  0.19 

37.7 

2 

38  23.6 

'4.3 

+  1'37". 

3    0 

17.45996 

Paris 

38.24 

-0.06 

67.7 

2 

36  56.2 

4.7 

34.9 

15 

18.35040 

Prague 

32  37.90 

+  0.02 

73.4 

0 

23 

18.40606 

Bremen 

38.33 

40.4 

3 

34  37.0 

4.6 

37.6 

2 

Mer. 

18.45196 

Paris 

44.91 

-0.05 

73.9 

0 

2.3 

4.6 

10.8 

2 

15 

19.34770 

Bremen 

33  38.87 

+  0.11 

33.8 

3 

32  14.0 

4.4 

28.8 

0 

19.37317 

Seeberg 

40.67 

.07 

34.9 

0 

20.33003 

Padua 

34  48.93 

.15 

+  1'45". 

6  0 

29  58.0 

4.4 

24.9 

1 

21.35407 

Bremen 

35  46.40 

.10 

45.8 

3 

27  46.0 

4.4 

21.3 

2 

2]. 37264 

Paris 

45.93 

.10 

31.4 

f> 

27.5 

4.4 

6.0 

2 

28 

22.32025 

Padua 

36  47.60 

.14 

69.9 

2 

26  16.0 

4.3 

+  42.7 

22.35724 

Bremen 

45.27 

.09 

26.0 

3 

22.37126 

Seeberg 

47.20 

.06 

36.0 

2 

22.391.39 

Paris 

47..32 

.06 

26.1 

2 

0-     _'-•  ,-, 

4.r. 

-17.2 

28,  29 

23.32029 

Padua 

37  46.07 

+  0.15 

+  61.5 

2 

23  17.0 

+  4.3 

-30.1 

23.34583 

Vienna 

43.33 

.07 

20.3 

1 

23.35112 

Seeberg 

47.60 

.09 

58.3 

2 

23.35399 

Dorpat 

46.(10 

42.0 

3 

ISIer. 

23.35127 

Prague 

44.45 

.01 

33.7 

1 

21 

23.36675 

Paris 

8  37  48.03 

+  0.11 

+  54.3 

0 

+  50  23  55.2 

+  4.3 

+  13.4 

2 

28   29 
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Date 

23.46692 
24.32104 
24.32690 
24.33049 
24.34749 
24.35189 
24.35727 
25.35127 
25.50391 
26.33037 
26.34063 
26.46677 
27.34543 
28.33288 
28.34324 
29.32808 
30.31838 
30.44255 
30.49316 

September 

1.54381 


9.32183 
10.32563 
11.35010 
13.38365 
14.30547 
15.30429 
15.31315 
15.33748 
16.29316 
17.30713 
18.30140 
19.29931 


23.36293 
24.34153 
24.35550 
24.53037 
25.36067 


October 

12.29163 
12.32982 
15.31612 


Place 

Ki-emsmiinster 

Padiia 

Prague 

Vienna 

Seeberg 

Dorpat 

Bremen 

Seeberg 

Paris 

Bremen 

Prague 

Kremsniiinster 

Dorpat 

Prague 

Dorpat 

Bremen 

Prague 

Kremsmiinster 

Paris 

Seeberg 


Bremen 
Bremen 
Bremen 
Dorpat 
Prague 
Prague 
Bremen 
Dorpat 
Prague 
Bremen 
Prague 
P.remen 


Diirpat 

Bremen 

Dorpat 

Bremen 

Dorpat 


Bremen 
Dorpat 
Dorpat 


a  api^areiit 

8 '37'"  55^60 

38  43.00 
39.46 
41.07 
44.87 
45.25 
44.73 

39  42.73 
48.19 

40  31.00 
29.60 
40.60 

41  29.94 

42  15.65 
21.75 

43  12.67 

44  57.69 
11.53 

6.64 

45  43.27 


-0.15 

+  0.15 
.02 
.10 
.09 

.08 
+  0.09 
-0.17 
+  0.12 
+  0.01 
-0.16 

+  0.01 

.11 

+  0.02 

-0.15 

.15 

-0.15 


O  — C^ 

Aa  COS  8      Wt. 


+  07.7 

51.5 

15.4 

27.5 

54.4 

54.2 

47.6 

65.9 

34.9 

+   6.7 

-   0.6 

+  31.6 

55.0 

6.4 

52.8 

63.4 

32.1 

99.2 

29.2 


8  apparent 
+  50  23  17.0 


O  — C 
a8        Wt. 


+  4.3       +66.5       1 


21  37.0 

4.4 

-30.2 

1 

'21  14.0 

4.1 

+  45.0 
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The  weights  attached  to  the  observations  were  deter- 
mined by  plotting  the  residuals,  and  computing  the  mean 
error  of  the  various  series  with  regard  to  this  curve.  In 
forming  the  Normal  Places,  the  observations  of  each  single 
day  were  united  into  a  weighted  mean.  These  means  were 
then  used  as  the  basis  of  equations  of  the  form  x+tij  =  71, 
by  whose  solution  the  position  of  the  comet  was  found. 
The  perturbations  were  computed  for  all  the  planets  except 
Uranus  and  Neptune.  Naturally  they  are  small,  as  the 
comet  very  rapidly  receded  from  the  plane  of  the  solar  sys- 
tem. The  positions  for  the  dates  of  the  Normal  Places 
and  the  perturbations  are 
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The  differential 

equations 

ire 

-8.9027  3 

c   +9.4232 

Ksj2,}T  +9.4048  07 

+9.5013  ax 

+  9.5094  9v 

-8.1719  "^ 

-0.7701    =   0 

-9.0860 

+  9.4278 

+  9.5985 

+  9.2028 

+  9.6362 

-7.9716  "" 

-1.1912 

-9.2435 

+  9.4173 

+  9.7135 

+  7.9439 

+  9.6877 

+  8.0306 

-1.3957 

-9.3419 

+  9.3955 

+  i).7699 

-8.9773 

+  9.7039 

+  8.5216 

-1.4643 

-9.4105 

+  9.3733 

+  9.8032 

-9.2303 

+  9.7092 

+  8.7206 

-1.5747 

-9.4863 

+  9  3431 

+  9.8353 

-9.4064 

+  9.711S 

+  8.8617 

-1.5994 

-9.5351 

+  9.3228 

+  9.8547 

-9.4943 

+  9.714(; 

+  8.9061 

-1.6688 

-9.6057 

+  9.2917 

+  9.8803 

-9.6099 

+  9.7275 

+  8.8542 

-1.6458 

-9.6329 

+  9.2773 

+  9.8885 

-9.6616 

+  9.7406 

+  8.7169 

-1.7578 

-9.6590 

+  9.2432 

+  9.8851 

-9.7588 

+  9.7S10 

—  8.3200 

-1.6053 

+  8.8721 

-9.9826 

+  9.7648 

-7.3455 

—  7.35;!6 

+  9.1590 

-0.8176 

-9.1773 

-9.5698 

+  9.8988 

-8.1949 

-8.6283 

+  9.3722 

-1.0577 

-9.4967 

-9.0255 

+  9.9723 

-7.2148 

-8.9586 

+  9.5725 

-1.2894 

-9.6126 

-8.3753 

+  9.9963 

+  8.3769 

-9.1035 

+  9.7118 

-1.3096 

-9.6789 

+  7.7766 

+  0.0050 

+  8.7095 

-9.1884 

+  9.8157 

-1.2450 

-9.7456 

+  8.3252 

+  0.0103 

+  8.9663 

-9.2714 

+  9.9325 

-1.1608 

-9.7895 

+  8.4210 

+  0.0163 

+  9.1023 

-9.3226 

+  0  0104 

-1.4229 

-9.8619 

+  8.5260 

+  0.0352 

+  9.2803 

-9.3979 

+  0.1279 

+  1.0326 

-9.8990 

+  8.5961 

+  0.0514 

+  9.3514 

-  9.4304 

+  0.1800 

-0.9170 

-9.9706 

+  8.7586 

+  0.0930 

+  9.4516 

-9.4738 

+  0.2605 

-0.6964 

From  these  by  the  ordinary  least-sijuare  methods  : 


_  di> 


dK  -9.5271  K^2dT  -0.3446  9^+9.0216  0A -9.7251  .7.. -9.9915  —  +1.8368   =   0 

K-v'2'^>j''  -9.7274  dq  +8.4489  '>k  +9.7204  r)v  -9.6058  ^  -0.9173   =   0 

dq  +8.8517  '>\  +0.0171  r>v  -9.6769  ^  -1.6827   =   0 

rA -9.7769  r>v -9.7855  ^   +1.7027   =   0 

dv  -9.1604  ^  -1.3297   =   0 

^  +1.0926   =  0 


And  finally, 

^K  =  -  u'so 

K-sJrdT  =  +  6.78 
3y  =  +24.14 


d\  =  -31.11 
dv  =  +19.57 

^4  =  -12.38 


When  these  values' of  the  unknown  quantities  are  substi- 
tuted in  the  original  equations  the  residuals  are 


Ja  cos  8 

J8 

Jacos  S 

J8 

+  0.5 

+  1.7 

+    1.2 

+   0.5 

—  0.9 

—  3.7 

+   5.2 

+  14.5 

-0.5 

+  0.3 

2  ,5 

-18.2 

-1.7 

+  1.6 

+    7.7 

+   2.7 

+  3.1 

-f-(l.4 

-14.9 

+    1.1 

On  account  of  the  predominance  of  the  positive  sign  in 
the  declination  residuals,  and  the  excessive  values  for  Aug. 
26  and  Sept.  14,  these  latter  were  entirely  omitted,  and  a 
second  solution  was  made.     Also,  Olbkrs's  observation  for 


Oct.  12  was  removed  from  the  last  normal  place  in  right 
ascension,  as  it  differs  by  nearly  a  minute  of  arc  from  the 
ephemeris  place  that  is  in  accord  with  the  other  normal 
places,  and  by  its  presence  gives  rise  to  the  large  negative 
residual  in  this  last  normal  in  right-ascension.  With  these 
modifications  there  now  results : 


9k 

= 

-47.4 

kV. 

,)T 

= 

-   4.1 

'><l 

= 

+  14.0 

-26.1 

+  22.5 


3e 

^  =  -21.5 


and  the  residuals  are 


Ja  COS  8 

J8 
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+  0.3 

+  1.1 

0.0 

-1.1 

-0.4 

-2.7 

+  3.2 

-0.2 

+  1.1 

-6.1 

-1.7 
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+  3.5 

-0.3 
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Corresponding  to  this  new  series  of  values  of  the  un- 
known quantities  are  the  following  corrections  to  the 
elements : 


aT 

=  -0.00083 

c?(o  =  -51"  A 

d9. 

=  +30".9 

dq  =  +0.00006S 

di 

=  +15.8 

c)e  =  —0.000208 

Computing  the  probable  errors  the  definitive   elements 


T  =  1819  June  27.71464  ±  0.00037 


Q,  =  273  42     2.9  ±    4.7  ) 

/  =     80  44  53.8  ±    2.7  ^1,' 

o)  =     13  25  21.6  ±  21.4  ) 

log  q   =  9.533319  ±  0.000041 

e   =  0.999792  ±  0.000079 

iSi/rncuse   Universit;/,  1900  Feb.  1. 


819.0 


Equatorial  Coordinates. 

.*•  =  [9.237881]  r  sin  (  35  2o'  is'l  +  r) 
q  =  [9.996719]  r  sin  (260  41  39.4  +  ») 
z  =  [9.996738]  r  sin  (349  49  28.2  +  i<) 

The  coefficients  in  the  differential  equations  were  tested 
by  the  method  of  arbitrary  variation  of  the  elements  at  the 
beginning  of  the  work.  In  order  to  test  the  accuracy  of 
the  definitive  elements  the  position  of  the  comet  was  com- 
puted for  the  date  of  the  last  normal  place  with  the  result : 


Aa  cos  S 


-3".8 


J8  = 


3".*; 


In  conclusion,  I  wish  to  express  my  thanks  to  the  staff 
of  astronomers  at  the  Harvard  Observatory  for  the  many 
courtesies  extended  during  the  collection  of  the  observations 
used  as  a  basis  for  the  computation. 


MR.  STOCKWELL   ON   THE   THEORY   OF   TIDAL   FRICTION, 


By  Sir  GEORGE  DARWIN. 


As  Mr.  Stookwell's  name  is  well  known  for  his  contri- 
butions to  Dynamical  Astronomy,  it  seems  advisable  that 
his  paper  on  this  subject  in  the  Astronomical  Journal 
(No.  581,  Jan.  15,  1906)  should  be  noticed. 

After  some  general  remarks,  and  an  extract  from  my 
book,  "7'he  Tides"  he  proves  by  numerical  examples  the 
well-known  result,  that  in  the  variational  curve,  the  moon's 
radius-vector  in  syzygies  is  less  than  in  quadratures.  This 
is  taken  to  show  that  a  body  detached  from  the  earth  must 
necessarily  collide  with  and  be  re-absorbed  by  the  earth. 
It  does  prove  it  if  the  detachment  occurs  in  quadratures, 
but  not  so  if  it  occurs  with  a  proper  velocity  in  syzygies. 
However,  the  whole  argument  seems  to  me  beside  the 
point. 

I  prove  that  the  moon  may  be  traced  back  to  a  position 
near  the  earth,  and  that  it  then  had  no  motion  relatively 
to  the  earth.  Such  a  position  is  one  of  dynamical  insta- 
bility, and  mathematical  analysis  is  powerless  to  trace  the 
configuration  of  the  system  in  retrospect  behind  such  a 
stage.  This  primitive  configuration  of  the  moon  seems,  to 
me  at  least,  to  indicate  a  previous  detachment  from  the 
earth  of  the  matter  now  forming  the  moon ;  but  the  pro- 
cess of  such  a  detachment  escapes  our  powers  of  analysis. 
Mr.  Stookwell's  argument  only  shows  that  one  isarticular 
mode  of  separation  of  the  moon  from  the  earth  leads  to  a 
difficulty,  unless  the  separation  occurs  at  syzygy. 

He  next  proceeds  to  discuss  tidal  friction,  and  gives  a 
table  of  numerical  values,  which  seems  to  me  redundant. 
He  then  follows  Fkkkel  in  placing  the  tidal  apex,  under 
the  influence  of  friction,  eastward  of  the  moon.  He  omits 
to  remark  that  this  is  the  correct  supposition  for  "  direct" 


tides,  when,  save  for  tidal  friction,  the  figure  would  be  a 
prolate  ellipsoid,  with  longest  axis  directed  to  the  moon ; 
but  incorrect  for  shallow  oceans  when  the  tides  are  "in- 
verted," and  the  figure  approximates  to  an  oblate  ellipsoid 
with  minor  axis  pointed  to  the  moon.  In  the  latter  case 
under  friction  the  minor  axis  is  directed  westward  of  the 
moon. 

We  now  come  to  the  fundamental  error  in  his  argument. 
Following  Ferrel's  supposition,  he  correctly  finds  that  the 
moon's  radius-vector  is  augmented,  and  her  mean  angular 
motion  retarded.  He  then  says,  "Now,  since  action  and 
reaction  are  equal,  and  in  opposite  directions,  it  follows 
that  a  negative  secular  equation  of  the  moon's  motion  from 
this  cause  must  produce  a  ijositive  secular  equation  of  the 
tidal  sphere,  which  is  supposed  to  be  attached  to  the  earth's 
surface,  and  thereby  increase  the  earth's  velocity  of  rota- 
tion." This  is  an  erroneous  appeal  to  the  equality  of 
action  and  reaction,  and  that  it  must  be  incorrect  may  be 
shown  by  the  following  argument.  He  finds  an  increase 
in  the  moon's  radius-vector,  and  therefore  the  sum  of  the 
potential  and  kinetic  energies  of  the  moon's  orbital  motion 
is  increased.  If  now  the  earth's  rotation  increases,  the  kinetic 
energy  of  rotation  increases,  and  thus  the  whole  effect  of 
tidal  friction  is  to  augment  the  energy  of  the  system  ; 
which  is  absurd.  In  fact,  the  earth's  rotation  is  retarded, 
and  that  to  such  an  extent  as  to  make  the  whole  energy  of 
the  system  decrease.  Action  and  reaction  are,  of  course, 
equal  and  opposite,  but  the  argument  is  incorrectly  applied 
by  Mr.  Stockwell. 

I  would  refer  the  reader  to  Appendix  G  (/')  in  Thomson 
and  Tait's  Natural  Philosophy,  or  to  Art.  "  Tides  "   §46, 
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in  the  Encijclopedia  Britannka  for  a  correct  treatment  of 
the  problem.  In  the  latter  place  there  will  be  found  a 
clear  statement,  due  to  Sir  George  Stoke.s,  of  the  modus 
opernndi  of  tidal  friction. 

Mr.  Stockwell  then  attacks  my  result  that  the  mini- 
mum time  required  for  the  change  of  position  of  the  moon 
from  her  initial  to  her  present  position  is  sixty  million 
years.  He  describes  it  as  a  rough  estimate,  and  so  it  is, 
but  not  in  the  sense  that  it  is  a  mere  shot  at  the  truth.  He 
has  clearly  not  looked  at  the  laborious  integrations  of 
which  it  is  the  outcome. 

He  has  found  as  the  result  of  his  nmuerical  table  that 
with  the  lunar  apex  45°  in  advance  of  the  moon,  the  moon's 
mean  distance  is  increasing  at  3.0353  feet  per  year.  To 
find  the  aggregate  change  he  simply  multiplies  this  by  sixty 
millions,  and  omits  to  notice  that  the  efficiency  of  tidal 
friction  varies  inversely  as  the  sixth  power  of  the  moon's 
distance.  His  actual  numerical  result  is  of  no  importance, 
since  I  was  discussing  bodily  tides  in  the  earth,  but  his 
omission  is  vital. 

Later  we  are  informed  that  "  the  fundamental  concep- 
ception  of  the  theory  of  tidal  evolution  is  that  the  moon's 
motion  should  be  accelerated."  This  is  diametrically 
wrong,  although  it  is  true  that  a  terrestrial  observer,  who 
takes  the  earth  as  his  time-keeper,  would  regard  the  real 
retardation  of  the  moon's  angular  motion  as  an  acceleration. 

Next,  by  a  loose  argument,  he  concludes  that  the  position 
of  stability  of  the  actual  moon  must  be  with  her  longest 
equatorial  diameter  at  right  angles  to  her  radius-vector. 
This  is  incorrect,  for  the  supposed  configuration  is  unstable 
as  being  one  of  greater  energy  than  if  the  longest  equa- 


torial diameter  coincided  with  the  radius-vector.  The 
views  of  Newton  and  of  Laplace  are  therefore  correct. 

Finally,  we  come  to  this  .statement: 

"  There  is,  however,  one  feature  of  the  theory  of  the  tides 
that  is  so  universally  accepted,  and  at  the  same  time  so 
obviously  erroneous,  that  I  may  incidentally  speak  of  it  in 
this  place;  and  that  is,  that  the  necessary  effect  of  the 
attraction  of  the  sun  or  moon  upon  the  waters  of  the  ocean 
is  to  heap  them  up  directly  under  the  attracting  body.  In 
this  case,  if  the  bodies  were  fluid  and  without  rotation, 
they  would  obviously  assume  the  form  of  a  prolate  spheroid 
whose  longer  axis  would  be  directed  towards  each  other. 
But  we  have  seen  that  such  a  position  would  be  one  of  un- 
stable equilibrium ;  and  consequently  could  not  exist  in 
nature.  The  form  which  the  surface  of  the  water  would 
assume  under  the  given  conditions  would  be  that  of  an  ob- 
late spheroid,  whose  shorter  axis  would  be  directed  towards 
the  attracting  body ;  and  consequently  it  ought  to  be  low 
water  under  the  attracting  body." 

The  alleged  universal  acceptance  of  the  prolate  form  is 
astonishing  in  face  of  the  fact  that  it  was  Newton  who 
had  the  marvellous  insight  to  perceive  that  in  a  shallow 
equatorial  canal  low  water  would  occur  under  the  moon,  and 
that  Laplace  showed  that  on  an  ocean-covered  planet  the 
same  would  be  true  of  the  equatorial  regions,  whilst  in  the 
polar  regions  the  tides  would  be  "  direct."  In  a  deep 
canal,  however,  or  with  a  deep  ocean,  the  tides  are  every- 
where "  direct." 

Mr.  Stockwell  is  of  course  entitled  to  hold  any  opinions 
he  likes  on  the  subject  of  tidal  friction,  but  I  venture  to 
prophesy  that  he  will  gain  but  few  adherents. 


MAXIMA    OF  LONG-PERIOD   VARIABLES, 

By  IDA  WHITESIDE. 


The  maxima  of  the  following  twenty  long-period  vari- 
ables were  determined  from  the  single  light-curves  deduced 
from  observations  made  with  a  four-inch  Dolland  telescope. 

103.  T  Andromedue. 
Seventeen  observations  of  this  star,  extending  from 
Aug.  18,  1905,  to  Dec.  26, 1905,  gave  a  maximum  on  Oct. 
14,  1905,  at  which  time  the  star  had  a  magnitude  of  8". 5. 
The  date  of  maximum  predicted  in  Chandler's  "  Ephem- 
erides  of  Long-Period  Variables  "  was  Sept.  24,  1905. 

8230.     5  Aquaril. 
This  star  reached  a  maximum  of  8^.0  on  Dec.  10,  1905. 
This  maximum  was  deduced  from  eight  observations  cover- 
ing the  time  between  Nov.  S,  1905,   and  Jan.   24,   1906. 
The  predicted  time  of  maximum  was  Nov.  27,  1905. 


7468.      T  Aquaril. 

Eleven  observations  of  this  star  were  made,  the  first  on 
Sept.  22, 1905,  and  the  last  on  Dec.  14, 1905.  A  maximum 
of  7". 4  was  reached  on  Oct.  5,  1905,  thirty-nine  days  before 
the  time  predicted  (Nov.  13, 1905). 

782.     A'  ArletU. 

From  thirteen  observations  of  this  star,  the  maximum 
was  found  to  be  8". 7  on  Jan.  8,  1906.  The  observations 
extended  from  Nov.  8,  1905,  to  March  1,  1906.  and  gave  a 
well-defined  curve.  The  maximum  was  predicted  for  Dec. 
26,  1905.  Though  at  the  maximum  of  Dec.  19,  1904,  the 
observed  and  predicted  times  agreed  exactly,  the  form  of 
the  curve  will  not  allow  a  variation  of  more  than  a  day  or 
so  from  the  date  given  above  for  this  maximum. 
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715.      S  Arieiis. 
The  time  of  maximum  for  this  star  agrees  exactly  with 
that  predicted  Oct.  20,  1905.     The  star  reached  a  bright- 
ness of  9". 8.     Nine  observations  were  made  from  Sept.  20, 
1905,  to  Nov.  27,  1905. 

976.      T  Avieth. 

Fourteen  observations  of  this  star  were  made,  covering 
the  time  from  the  fifth  of  October,  1905,  to  the  fifth  of 
February,  1906.  The  star  varied  but  a  little  more  than 
1^  magnitudes  during  the  entire  period.  The  curve  has 
a  very  gradual  slope  near  maximum,  and  the  time  is,  there- 
fore, not  very  well  defined.  Apparently,  the  star  reached 
a  maximum  of  8". 9  at  about  the  predicted  time  of  maxi- 
mum, Oct.  24,  1905. 

243.      U  Cfisslopeae. 

The  time  of  maximum  of  this  star  (Dec.  27,  1905)  was 
found  from  fourteen  observations,  which  gave  a  well-defined 
curve  and  maximum.  The  star  reached  7". 8.  The  obser- 
vations extended  from  Oct.  28,  1905,  to  March  1,  1906. 
The  maximum  was  predicted  for  Nov.  8,  1905. 

8324.  V  Cassiopeae. 
This  star  was  observed  nine  times,  from  Oct.  30,  1905, 
to  Jan.  18,  1906.  Only  two  observations  were  made  be- 
fore maximum.  Nevertheless,  the  form  of  the  curve  shows 
pretty  clearly  that  the  maximum  occurred  on  Nov.  11,  1905, 
and  not  on  Dec.  7,  which  was  the  date  predicted.  At 
maximum  the  star  had  a  brightness  of  8". 7. 

7085.     BT  Ci/ffni. 
From  eight  observations,  the  maximum  of  this  star  was 
determined  as  7".l  on  Nov.  20,  1905.     The  observations 
covered  the  time  between  Oct.  30, 1905,  and  Jan.  12,  1906. 
The  predicted  date  of  maximum  was  Dec.  1,  1905. 

7242.     S  Geminorum. 

The  maximum  of  this  star  was  predicted  to  occur  on 
Jan.  19,  1906,  but  the  observations  from  Dec.  7,  1905,  to 
Feb.  21,1906,  showed  a  maximum  of  8". 9  on  Dec.  15, 1905. 
As  the  star  was  nearly  at  its  brightest  when  first  observed, 
the  maximum  may  have  occurred  a  little  earlier  than  the 
date  given,  but  the  form  of  the  curve  precludes  entirelj'  its 
coming  later. 

6512.      T  Herculis. 

Ten  observations  of  this  star  were  made  between  Aug.  17, 
1905,  and  Oct.  28,  1905.  They  show  a  maximum  of  8".l 
on  Sept.  12,  1905.  By  a  very  slight  and  possible  change 
in  the  curve,  the  date  of  maximum  could  be  made  to  agree 
with  that  predicted  (Sept.  8,  1905). 

1761.     R  Orionls. 
Nine  observations  of  this  star,  made  between  Nov.  25, 
1905,  aiul  Feb.  22,  1906,  gave  a  maximum  of  9". 5  on  Dec. 

South  ('aitibriilyf,  \.Y. 


27,  1905.  Though  the  curve  is  not  very  well  determined 
near  maximum,  the  time  was  probably  not  far  from  that 
given,  and  not  that  predicted  (Jan.  11,  1900). 

S290.      B  Perjasi 
The  last  maximum  of  this  star  occurred  on    Sept.  30, 

1905,  when  it  reached  8". 3.  The  observations,  thirteen  in 
number,  extended  from  Aug.  18  to  Dec.  14, 1905.  The  maxi- 
mum was  predicted  for  Sept.  17, 1905,  but  the  curve  shows 
with  a  good  deal  of  eertaintj-  that  it  occurred  later  than 
that  date. 

8373.      5  Fegasi. 
This  star  was  observed  from  Sept.  21,  1905,  to  Jan.  12, 

1906,  twelve  times  in  all.  The  curve  shows  a  well-deter- 
mined maximum  of  7 ".7  on  Nov.  6,  1905,  instead  of  on 
Oct.  14,  as  was  predicted. 

8369.  W  PugasL 
On  account  of  its  position  in  the  sky,  it  was  possible  to 
obtain  but  six  observations  of  this  star.  They  extended 
from  Jan.  12  to  Feb.  22,  1906.  Though  nearly  all  the  ob- 
servations preceded  maximum,  they  point  to  a  maximum 
of  8>'.3  on  Feb.  14,  1906,  instead  of  on  Jan.  25,  1906,  as 
predicted. 

678.      U  Fersfl. 
Fourteen  observations  made  between  July  27  and  Oct. 

28,  1905,  show  that  this  star  had  a  maximum  of  7". 6  on 
Aug.  6,  1905.     The  maximum  was  predicted  for  Aug.  19, 

1905. 

434.  iS  Piscitiiii. 
This  star  reached  a  maximum  of  9". 7  on  Nov.  15,  1905. 
The  first  of  the  six  observations  was  made  on  Oct.  16,  and 
the  last  on  Dec.  26,  1905.  By  a  very  possible  change  in 
the  curve,  the  time  of  maximum  could  be  made  to  agree 
with  that  predicted  (Nov.  10,  1905). 

5501.  5  Serpentls. 
Seven  observations  of  this  star  were  made  between  Aug. 
18  and  Oct.  16,  1905.  The  magnitude  decreased  steadily 
from  8". 2  on  the  first  to  10". 1  on  the  last  date.  There- 
fore, the  maximum  must  have  preceded  Aug.  18,  and  could 
not  have  been  on  the  predicted  date  (Sept.  30,  1905). 

1577.     B  Taiiri 
Seven  observations  of  this  star  gave  a  maximum  of  9". 4 
on  Nov.  14,  1905.     The  observations  extended  from  Oct. 
30  to  Dec.  26,  1905.     The  predicted  time  of  maximum, 
Dec.  7,  1905,  cannot  be  made  to  fit  the  observations. 

5601.      S  Ursae  Jllnoi-ls. 
Observations  of  this  star  were  made  from  Sept.  21, 1905, 
to  Jan.  24,  1906.     Fourteen  were  made  in  all,  and  they 
show  a  maximum  of  8».3  on  Nov.  3,  1905,  not  on  the  pre- 
dicted date  (Oct.  29,  1905). 


N"'-  584-585 


THE     ASTRONOMICAL     JOURNAL. 


76 


THE   PKOPEK   MOTION   OF   B.D.  +38°3095, 

By  GEORGE  A.  HILL. 
[Communicated  by  Kear-Admiral  Asa  Wai.kei 


Recently,  in  collecting  the  individual  places  of  the  star 
B.D.  +38°309r),  whose  position  for  1875.0  is  R. A.  18"  5™  29S 
Declination  +38°  27'  4",  from  observations  made  of  it 
with  the  prime-vertical  transit  instrument,  I  find  the  star 
has  a  relatively  large  proper  motion  in  declination. 

It  is  somewhat  surprising  that  this  discoverj'  has  not 
been  made  before,  as  the  object  is  in  the  sixth  magnitude 
class,  and  well  \ip  in  the  northern  heavens. 

I  have  found  it  in  the  following  catalogues : 

R.A.  Ded. 


Lalande  33439  1800 

18 

3     0.77 

+  38  27  15.5 

1797.5 

Yarnall     7837  1860 

4  59.16 

26  55.5 

1875.5 

Paris       23526  1875 

5  29.25 

27     5.0 

1872.3 

Lund         7524  1875 

18 

5  29.03 

+  38  27     0.6 

1881.4 

I  have   secured  the    following   places    with    the    prime 
vertical  : 


rime  vertical 

1900 

+  38  27  4.2 

1901.2 

5  obs. 

rime  vertical 

1904 

+  38  27  4.9 

1904.4 

4  obs. 

The  minute  in  right-ascension  for  Lalande  is  wrong  ;  it 
should  be  3.     See  Bonn,  Vol.  7,  page  230. 

Reducing  the  above  to  1900,  merely  by  precession,  we 
have 


,  Superintendent  N 

IV 

al 

Observatoi 

y-l 

' 

Veiglit 

Epo(<li     No.  O 

Lalande 

+  3 

8 

») 

-   56.1 

0,1 

1797.5         1 

Paris 

17.9 

0.6 

1872.3         4 

Yarnall 

15.3 

0.4 

1875.5         2 

Lund 

13.5 

0.5 

1881.4         2 

P.V.  1900 

4.2 

0.9 

1901.2         5 

P.V.  1904        +38 


0.9 


1904.4 


In  the  Paris  Catalogue,  Vol.  4,  page  10,  a  comparison 
between  Lalande  and  Paris,  is  given,  and  is  P-L  — 2^21, 
and  +38".3,  but  no  mention  is  made  of  suspected  proper 
motion.  The  same  remark  also  applies  to  the  Lund  Cata- 
logue. This  large  difference,  in  declination,  is  real,  and 
from  the  above  data  I  find,  by  a  least-square  solution,  the 
proper  motion  to  be  — 0".42. 

Introducing  the  above  value  into  the  annual  precession 
for  the  star,  the  following  differences  between  the  cor- 
rected assumed  declination  for  1875,  and  each  catalogue 
place  is  found  to  be 


Lalande 

-6.7 

Lund 

+  0.8 

Yarnall 

+  1.7 

P.V.  1900 

0.0 

Paris 

0.0 

P.V.  1904 

-0.4 

Tbi.s  star  I  am  now  using  in  my  latitude  work,  and  I 
will  have  more  data  in  the  future  with  whicli  to  correct 
this  proper  motion. 


ELEMENTS  AND  EPHEMEKIS  OF  COMET  a   1906  {brooks),'^ 

BY  HERBERT  R.  MORGAN. 

The  foUowiug  elements  were  derived  from  three  obser- 
vations made  at  Glasgow,  on  Jan,  27,  Feb.  2,  and  Feb.  8; 
the  last  being  taken  during  the  total  eclipse  of  the  moon. 

Elements. 
T  =   1905  Dec.  2^.330855  Gr.  M.T. 

TT  =     16°  20     l".5  ) 
Q,    =   286  25  14.3  -1906.0 
i  =   126  25  45.0  ) 
<l   =   1.296509 

cos/Jz/A   =    +2.1 
zip   =    +0.9 

Heliocentkic  Equatorial  Coordinates. 

.,■  =  /■  [9.803386]  sin  (243°  31  l.Q  +  v) 
II  =  r[9.999833j  sin  (331  35  37.2  +  y) 
z  =   ;■  [9.887770]  sin  (  60  17  20.7  +  ^•) 


Ephemekis. 

Gr.  M.T. 

True  a 

True  S 

log  A 

Br. 

Feb.  24.5 

h       n 

6   17 

LI 

+  74°  34 

5 

0.0088 

0.78 

28.5 

5  55 

46.4 

68     9 

30 

0.0376 

Mar.    4.5 

5  46 

38.9 

62  28 

11 

0.0693 

8.5 

5  42 

27.2 

57  31 

48 

0.1022 

0.45 

12.5 

5  40 

43.8 

53  16 

25 

0.1351 

16.5 

5  40 

26.1 

49  36 

36 

0.1674 

20.5 

5  41 

2.8 

46  26 

57 

0.1986 

0.25 

24.5 

5  42 

16.2 

43  42 

35 

0.2284 

28.5 

5  43 

55.9 

41  19 

19 

0.2567 

Apr.     1.5 

5  45 

54.8 

+  39  13 

46 

0.2835 

0.15 

Brightness 

Jan. 

27,  190t 

=  1.00. 

*  Froni  Supplement  to  No.  5S3. 
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MEASURES   OF  DOUBLE   STARS, 


M.^DE    WITH   THE    12-INCH    EQUATORIA 

By  HERBERT 
The  stars  in  the  following  list  were  observed  nine  j'ears 
ago  with  the  26-inoh  McCormick  equatorial  {A.J.,  No.  439). 
They  have  been  reobserved,  not  so  much  for  themselves,  as 
to  test  the  conditions  and  instrument  of  this  observatory. 
Two  nights  out  of  twentj'  have  been  good,  and  two  others 
fair.  Often  a  2"  star  is  only  a  blurr.  Some  of  the  dis- 
tances are  large.  I  have  measured  these,  sometimes,  by 
pure  guess.  The  nncrometer  is  good.  The  oil  lamps  are 
replaced  by  electric,  though  oil  was  used  to  give  the  red 
threads  used  for  these  measures.  The  electric  current  is 
brought  out  by  private  wire  from  Glasgow.  Eye-pieces  . 
magnifying  275  and  450  have  generally  been  used.  The 
rule  for  a  night's  measure  is  six  angles  and  four  double 
distances.  Excepting  two  nights  each  for  ^1291  and  2'1338, 
each  star  was  measured  on  three  nights.  The  largest  vari- 
ation from  night  to  night  is,  in  pj  4°. 3  on  J'60;  and  in  .<, 
0".45  on  0-i"38A.B.  The  a  and  8  are  for  1880.0.  The 
value  of  one  revolution  of  the  micrometer  screw  12".910 
has  been  used.  It  was  checked  Oct.  27  by  a  measurement 
of  the  arc,  Celaeno-Taygeta.  Only  a  provisional  exami- 
nation of  the  ])osition  of  the  instrument  has  been  made. 


L   OF   THE    MORRISON    OBSERVATORY, 

R.  MORGAN. 

I  am  indebted    to  Mr.  Kavan 
for  reading  the  telescope  circles, 

Star  tt  S 


AUGH,  student  assistant, 
and  recording. 

Epoch  ;)  s 


2^3062 

0 

0.1 

+  57 

46 

1905.866 

351.7 

1.73 

^•60 

0 

41.7 

+  57 

11 

.867 

233.1 

5.43 

2-73 

0 

48.3 

+  22 

57 

.870 

24.3 

1.16 

0^-38  A.  B. 

1 

56.(5 

+  41 

45 

.869 

62.8 

10.11 

2-333 

2 

52.3 

+  20 

51 

.870 

200.9 

1.53 

2460 

3 

50.0 

+  80 

22 

.889 

53.7 

0.91 

21110 

7 

26.9 

+32 

9 

.953 

222  8 

5.39 

21291 

8 

46.5 

+  31 

4 

.953 

327.4 

1.33 

21338 

9 

13.5 

+  38 

42 

.954 

170.6 

1.62 

2' 2130 

17 

2.8 

+  54 

38 

.828 

142.3 

2.38 

22173 

17 

24.2 

-   0 

58 

.830 

320.1 

0.97 

22262 

17 

56.5 

-   8 

11 

.822 

256.0 

2.05 

22272 

17 

59.4 

+  2 

33 

.831 

176.7 

2.39 

22382 

18 

40.4 

+  39 

33 

.828 

10.2 

2.86 

22383 

IS 

40.4 

+  39 

29 

.828 

127.2 

2.30 

/3441 

20 

12.6 

+  28 

46 

.839 

67.1 

5.94 

/3366A.B 

20 

44.8 

+  50 

3 

.839 

130.0 

1.48 

22758 

21 

1.1 

+38 

7 

.840 

127.5 

22.56 

;875 

21 

49.7 

+  10 

19 

1905.888 

41.7 

1.11 

Glasyow,  Mo.,  1906  Jan.  12. 


OBSERYATIONS  OF  COMETS  h  AKD  c  1905, 

M.VDE    WITH    THE     12-IXCn    EQUATORIAL    OF    THE    MORRISON    OBSERVATORY, 

By  HERBERT  R.  MORGAN. 


1905  Gla 

s^row  M.T. 

* 

Conip. 

Ja 

J8 

App.  a 

App.  8 

logpA 

Red.  to  App.  PI. 

Comet  /-. 

Nov.  19 

Ii       III       a 

13  52  21 

1 

6  ,4 

+  1  56.9 

+  3  20.1 

ll        111        s 

0     2  15.2 

+  67  22  33.8 

0.074 

0.239 

+  5.05  +30.9 

21 

7  20  50 

2 

12,6 

+0  48.8 

-0  29.4 

23  45  42.0 

+  52     7  30.4 

w.8.882 

«0.293 

+  3.46  +30.8 

21 

10  19  12 

3 

rf5,7 

-0  42.0 

-2     9.5 

23  44  58.6 

+  51     3  59.7 

9.661 

nQ.SlO 

+  3.46  +30.8 

<»') 

6  43  32 

4 

(/6  ,  6 

+  0     1.1 

-2  40.6 

23  40  29.4 

+  44  14  35.2 

w9.155 

W9.827 

+  3.20  +29.8 

25 

7  24  39 

5 

12  ,8 

+  1  17.8 

-1  11.1 

23  34     8.8 

+  24  18  40.8 

8.221 

0.353 

+  2.72  +25.6 

28 

7     9  28 

6 

14  ,8 

+  1  30.2 

-6  56.4 

23  31  27.8 

+  11  55     3.1 

8.146 

0.606 

+  2.60  +22.0 

Comet  c 

Dec.     7 

16  58  37 

7 

do  ,  8 

-0  23.1 

-7  20.0    1  14  27  42.4 

+  20  25  32.2  |»9.648  |  0.627  |  +0.71  -   9.3 

Mean  Places 

of  Comparison- Stars  for  the  begin 

ning  of  the 

year. 

* 

a 

S 

Authority 

* 

a 

S 

Authority 

1 
2 
3 
4 

0     0  13.26 
23  44  49.71 
23  45  37.16 
23  40  25.05 

+  67  18  42.8 
+  52     7  29.0 
+  51     5  38.4 
+  44  16  46.0 

Christiaiiia,  A.G.  Zones 
ICli  No.  IS.  170  No.  12 

Camb.,U.S.,  A.G.  8480 
Eastman,  5075 
Bonn,  A.G.  18121 

5 
6 

7 
8 

23  32  48.27 
23  29  55.00 
14  28     4.81 
14  28  29.71 

+  24  19  26.3 
+  12     1  37.5 
+  20  33     1.5 
+  20  34  16.5 

Berlin  B,  A.G.  9047 
Munich  I,  32562 
Mic.  Comp.  with  JJeS 
Berlin  B,  A.G.  5096 
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THE   DIFFEREXTIAL   EQUATIONS 

By  a. 

The  general  differential-equations  of  planetarj'  motion 
are  well  known,  and  need  not  be  repeated  here.  These 
equations  can  be  solved  only  by  approximation.  The  first 
step  is  to  neglect  the  disturbing  forces,  and  thus  reduce 
the  problem  to  one  of  two  bodies.  In  this  case  the  equa- 
tions can  be  solved,  and  neglecting  the  mass  of  the  planet 
we  have  six  arbitrary  constants  of  integration,  which  are 
the  elements  of  the  conic  section  described  by  the  planet 
around  the  sun.  The  next  step  is  to  assume  that  the  arbi- 
trary constants  are  variable.  Lagrange  has  given  a  gen- 
eral and  beautiful  solution  of  this  question.  The  orbit 
remains  a  conic,  but  the  elements  are  varied  to  fit  the 
observations.  From  the  three  coordinates  of  the  planet  at 
any  time,  and  the  three  velocities  along  the  axes,  we  can 
compute  the  orbit.  The  action  of  the  disturbing  forces 
changes  the  velocities,  and  hence  we  shall  find  different 
orbits. 

In  the  Berliner  Jahrbuch  for  1837  Encke  published  a 
form  of  the  Lagrangian  equations  for  the  variations  of  the 
elements,  which  has  been  very  useful  for  computing  the 
special  perturbations  of  the  minor  planets,  and  comets, 
and  for  determining  the  mass  of  Jupiter.  These  formulas 
were  given  to  Encke  hy  Gauss.  The  proof  of  them  is 
probably  that  of  Gauss,  which  is  essentially  that  of 
Lagrange,  with  some  geometrical  illustrations.  The  dis- 
turbing force  is  resolved  into  three  rectangular  compo- 
nents: R  along  the  radius-vector;  S  perpendicular  to  the 
radius,  and  in  the  plane  of  the  orbit;  and  TF perpendicular 
to  the  plane  of  the  orbit. 

In  the  Berliner  •Jahrhuch  for  1855,  Encke  has  given  an 
elementary  proof  of  these  formulas.  For  this  purpose  he 
introduced  another  system  of  rectangular  components,  T 
along  the  tangent,  i\' along  the  normal,  and  fF  as  before. 
If  we  call  c  the  velocity  of  the  planet,  and  i/r  the  angle  be- 
tween the  direction  of  the  velocity  and  the  prolongation  of 
the  radius,  we  shall  have  in  the  common  notation, 

dr         e  sin  v       .,  dn 
e  cos  ill  = 


OF   DISTURBED   ELLIPTIC   MOTIOjS", 

HALL. 

The  components  of  tlie  disturbing  force  are  connected  by 
the  equations. 


c  sin  i/r 


dt 

P 

du 
Tr^ 

r 

dt 


and  inversely 


Also, 


R  =  T  cos  \j/  —  N  sin   i/- 
S  =  2"  sin  i/f  +  ;V  cos  \\i 


r  =       R  cos  t^+  S  sin  i/f 
.iV  =  ~R  sin  1^+5  cos  i^ 


dt 


N  =  e 


dip 

di 


The  motions  of  the  undisturbed  orbit  being  in  the  orbit 
plane  the  above  equations  follow  from  geometry.     Hence 


eT  =       Re  cos  ij/  +  Sc  sin  ^  =  — =. .  (  e  sin  v  .  R  +  -  .  S 
■sJP    \  '■ 

cX  =  —  Re  sin  \1/  +  Sc  cos  \1/  — .'  —  -.  R+e  sin  r  .  S 


In  these  equations  we  omit  the  mass  of  the  planet.  This 
can  be  done  in  nearly  every  case,  but  if  the  mass  is  given 
we  must  multiply  the  Gaussian  constant  k  by  ^/Y+m,  m 
being  the  mass. 

In  his  derivation  of  the  formulas,  Encke  has  introduced 
the  second,  or  vacant  focus,  with  an  anomaly  and  radius 
counted  from  this  focus.  He  uses  the  components  T  and 
N,  but  as  these  are  not  convenient  for  computing,  he  trans- 
forms to  R  and  5.  This  transformation  is  long,  "  weitlaufig," 
as  Encke  calls  it,  and  it  does  not  appear  necessary.  We 
begin  with  the  simpler  equations.  The  equation  of  living 
force  is 

/2       1> 


In  the  differentiations  the  polar  coordinates,  /•  and  it,  are 
considered  constant  in  the  plane  of  the  orbit,  while  the 
elements  vary.     From 

1  _   2       c-^ 
a  r       k- 
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da        2a\c      dc        2a  V 
dt    ~      k''      ■  dt  ~     A-2 
or 

da         2a^     1      .          ^      P       c\ 

But 

p       r                     ,             „ 

=  e  cos  ('  +  e  cos  _£ 

r       a 

and  thus 

Since  the  mean  motion 

k          \  du.             3     da 

/x  =  -  ;  and  —  =  -  J-  .  — 

a'                ^                Z      a 

de            1 

~j-  =  7—7^.  ]p  sini; .  R  +  p  (cosy  +  cos£').  Si 
at         tc^J  p 

To  find    edu>  we  differentiate  the   polar  equation   of   the 

du.               3a^      /      .            T>    .   P      c,\ 
dt              A-Vp     V                         '^         / 
The  next  equation   is   for   the  eccentricity.     Since  the 
component  S  is  the  only  force  that  changes  the  description 

ellipse,  and  since  v  —  u  ~  w,  we  have 

edu)  =  — -. —  .  da ^^ -. ^  .  de 

ar  sin  v                    r  sin  v 

Substitute   for  da  and  de,  take   out   the   common   factor 

of  areas,  and  the  element  of  double  areas  is 
d  .  ^p  _   r.S 

- — = .  -. —  ,  and  the  coefficient  of  R  is 

k  ^p    sm  V 

—  e  sin  V  —  -  (cos  E+e)  sin  v  =  sin  v  .  -  .  (e  —  aosE) 
r                      r                                                     r                    ' 

dt               k 
dp        2rVp      „ 

T 

As  e  —  cos  E  = .  cos  w,  by  restoring  the  factor  the  co- 
efficient of  ^  is  -  ■; — —  .  p  cos  V.     For  the  coeflBcient  of   S. 

aVp 

taking  out  the  same  factors,  we  have 

dt             k 

If  we  differentiate  the  equation  p  =  a  (1  — e'), 

we  have 

„    ,       a         da       dp 

2ede  .  -  = 

pap 

^^ —  -  (cos  E+e)  .  (cos  V  +  cos  E) 

1        /                           tfl              r 

ede  =  - — -  .  [pesmv  .  R  ^ —  ■  S p 

k-sjp     V                           ■'■              "^ 

..) 

Eliminate  cos  E,  and  multiply  and  divide  by  a,  then  we 
have 

2«  (1  +  e  cos  v)'—  a  (coSi;  +  2e  +  e*  cos  v)  (2  cos  v  +  e  +  e  cos  y^) 

a  (l  +  e  cos?;) 
2a  +  ae  cos  v  +  2ae'  cos  v''  +  ae'  cos  v'  —  2a  cos  u^  —  ae  cos  y°  —  ae'  cos  v  —  2«e° 

a  (1  +  e  cos  w)' 


The  first  and  last  terras  give  2/>.    The  second  and  penult- 
imate terms  give  pe  cos  p,  and 
2p  +  pe  cos  V 


=:  p  +  r 
p  +  r 


1  +  ecosy 
The    remaining    terms    give    a  cos  y^  .    \e'^(2  +  e  cos  w) — 

p  ~\'   T  p 

(2  +  e  cos  y)^.  Now,  2  +  e  eosi;  =  - — ; —  ;  and  since  -  is 
divided  out  by  1  +  cos  v,  by  restoring  the  factors  the  co- 
efficient of  5  is,  (/'  +  '•)  sin  v  ;  so  that 

—^ —  =  - — -^  .  \—p  cosv.R  +  {p  +  r)  sinu.  S\ 
dt  kyl  p 

To  this  we  must  add  the  change  of  the  node.  The  remain- 
ing element  in  the  plane  of  the  orbit  is  the  mean  anomaly, 
for  which  we  have 

M  =  E  —  e  sin  E 
dM  =  dE  —  e  cos  E  .  dE  —  sin  E  .  de 


From  the  equation 


/■  =  a  (1  —  e  cos  E) 


r  cos  E 
a'  sinE 


da 


„     ,  „       cos  E- 
e  cos  E  .  dE  =  —. — r^  .  de 
sin  E 

If  we  differentiate 

r  sin  (m  — uj)  =  a  cos  E  —  ae 

,  ^  , ,        cos  E  —  e     -,  1 

dE  =   —  Vi — e'i  ■  d<ji  A : — rr-  .  da ■. — =,.  de 

a  sin  E  sin  E 

From  these  values  we  find 

2  r 

dM  —   —  Vl— e-  ■  d<o  —  : — =T  •  de  +  -^5-^ — =;  (cosv+cosE) .  da 
smE  a^smE  ^  ' 

Substituting  the  values  of  de  and  da, 


2  1 

dM  =  —  -y/ 1— e-!  .  dm ^ — =-  .  -= — --  .  \p  sin  v  .  R  +  j)  (cos  v  +  cos  E)  .  S\ 

sin  E     K  \lp 


2ffl2 


A — 7r—. — =;  .  (cos  u  +  cos  E)  .  -. — —  .  {  e  sia  V  .  R  +- 
a.  s\n  E     ^  '     k  yjp     \  r 
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The  factor  of  S  is  zero,  and  the  factor  of  B  reduces  to 
1 


k-^p 


.  2rVl=7^. 


Hence 


(hV 


Vi=?^-^ 


This  value  requires  two  corrections ;  one  for  the  motion  of 
the  orbit  plane,  and  one  for  the  variation  of  the  mean 
motion.  When  we  pass  from  one  value  of  M  to  another  we 
must  use  the  actual,  or  disturbed  value  of  /x.;  and  hence 

must  add  to  d31    I  -f^  .  dt .     We  have,  therefore,  a  double 
J  df  ' 

integral  in  the  value  of  M. 

The  component  W  is  the  disturbing  force  that  alters  the 
node  and  inclination.  This  force  makes  the  orbit  plane 
revolve  about  the  radius-vector  (Hansen,  Auselnander- 
setzung,  p.  67),  through  the  small  angle  d^  in  the  time  dt. 
Consider  at  any  moment  the  spherical  triangle,  equinox, 
node,  and  planet,  or  EAP.  The  side  EA  is  Q,  ;  the  side 
AP  is  II ;  and  the  side  EP  is  constant.  The  angle  at  E  is 
constant;  the  angle  at  A  is  180°  —  i;  and  the  variation  of 
the  angle  at  P  is 

W  .dt        r.  W.dt 

a$  =  — : — 7  =  — -. — T=— 
c  sin  \j/  i^v  p 

Tlie  differential  formulas  of  a  spherical  triangle  give 

dt  =       cos  u  .  di 
dii  =   —cos  (■  .  dQ 
sin  i  ■  dQ  =  sin«  .  d^ 


Hence  we  have 


1906  March  29. 


w 

ky/p 


r  sin  u 
sin  { 


The  variation  dii,  arising  from  the  rotation  of  the  orbit 
plane,  must  be  applied  to  arcs  measured  on  the  orbit;  such 
as  (0,  the  distance  from  the  node  to  the  perihelion,  the 
longitude  of  the  perihelion,  tt  =  Si  +  <o,  and  the  longitude 
in  the  orbit,  L  =^  Q,  +  u. 
Collecting  results  we  have 


k^l, 

3«/A 

kTp 
1 


da 
df 
dj. 
dt 

de 

dt 
dill 
■  dt 

di        r  cos  u 

dt  kyjp 

dQ,         r  sin  u         1 
dt           k-^p     '  sin  i 
dM  \du>  .do.) 

It-  -^'~'Ad-t^''"iit] 


esmv  .  R-\-^  .   S 

e  sin  V  .  B-\-  ~  .  S] 
r         J 

\p  sin  V  .  R-^  p  (qosv  +  cosE)  .  S\ 


r — r  .  \  —p  COS  V  .  B+(p  +r)  sin  V  .  S\—e  cos  i .  — - 


dt 


W 


W 


k^P 


•-x^St 


dt 


This  method  of  resolving  the  disturbing  force  into  the 
components  B,  S,  and  W,  is  old-fashioned,  as  well  as  that 
of  T,  N,  and  W,  but  the  former  can  be  easily  computed, 
while  the  latter  cannot.  The  above  formulas  give  an  idea 
of  the  action  of  the  disturbing  force  on  the  orbit  of  the 
planet.  The  results  which  Aikt  has  pointed  out  in  his 
book  on  Elementary  Celestial  Mechanics  can  be  deduced 
immediately  from  these  formulas.  The  formula  for  e .  du> 
explains  the  retrograde  motion  of  the  line  of  apsides  of  the 
orbit  of  Hyperion  through  the  action  of  Titan. 


NOTES  ON   SOME   LONG-PERIOD  VARIABLE   STARS, 

By  a.  STANLEY  WILLIAMS. 


The  following  notes  are  in  continuation  of  those  alreadj' 
published  in  the  Astronomical  Journal.  The  introductory 
remarks  in  No.  559,  p.  62,  will  applj'  generally  to  the 
present  series.  The  observations  were  all  made  with  a 
6|-in.  reflector,  a  power  of  73  being  usually  employed. 
The  maxima  and  miuima  have  all  been  derived  from  single 
curves. 

BW  Andromedae  (189.1904). 
R.A.  =0'>  41™  56»     .     Decl.  =  -f.32°  8'.4  (1900). 

Hartwig  suggested  a  period  of  435  days  for  this  variable, 
with  a  maximum  on  1904  Dec.  10  (A.y.,  No.  4009).  Ac- 
cording to  observations  obtained  here  on  13  nights,  between 


1904  Dec.  7  and  1905  Feb.  2,  the  maximum  occurred  in 
1904  on  Dec.  23  (about  8".0).  From  1905  Aug.  5  to  Nov. 
23  the  variable  remained  below  12",  though  on  several 
nights  a  faint  star,  about  12",  was  seen  at  or  near  its  place. 
On  Dec.  27  of  last  year  it  was  still  invisible  in  a  G^-iu. 
reflector  (fainter  than  11:|«)  ;  but  on  1906  Jan.  22,  it  was 
nearly  equal  in  brightness  to  DM.  +31°114  (9''.0),  and 
further  observations  on  5  nights,  between  this  date  and 
Feb.  25,  indicate  a  well-defined  maximum  for  1906  Feb.  5 
(about  8 ".6).  The  interval  between  the  two  maxima  is  409 
days,  nearly  the  same  as  that  suggested  by  Hartwig,  so 
that  the  resulting  elements  of  variation  will  be, 

Maximum  =  1904  Dec.  23  (J.D.  2416838)  +  409'*  E. 
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BU  Andromedae  (11.1903). 

R.A.  =  l"  32"  47«    ,     Decl.  =  +38°  9'.  5  (1900). 

Observations  made  on  21  nights,  between  1905  Sept.  27 

and   1906  Jan.    13,   show  that   a   well-defined    maximum 

occurred  on  1905  Dec.  9  (9". 5).     The  following  maxima 

and  minima  have  now  been  observed  : 

Maxima. 

E                   Date                         .J.D.  Mag. 

5         1903  Dec.  11         2416460  9.9 

8         1905  Dec.    9               7189  9.5 

Minima. 

4  1902  Dec.  18    2416102   12.7 

5  1903  Aug.  25      6352   12.2 

From  which  the  following  elements  have  been  derived  : 
Maximum  -  1900  Aug.  2  (J.D.  2415234)  +  244^7  E. 
the  interval  M—m  being  108  days. 

R  V  Andromedae. 
K.A.  =2'>  4>>i  34«    ,     Decl.  = +48°  27'.6  (1900). 

According  to  13  observations,  between  1904  Nov.  12  and 
1905  Mar.  19,  a  well-defined  minimum  (10". 4)  occurred  on 
1905  Jan.  29,  two  days  later  than  the  expected  date.  Six 
observations  in  the  early  part  of  1905,  by  Miss  Mary 
Whitney,  at  Vassar  College  Observatory,  Ijave  been  pub- 
lished in  the  A.N.,  No.  4050.  Making  allowance  for  a  sys- 
tematic difference  of  scale,*  these  observations  are  in  very 
good  agreement  with  those  made  here,  excepting  that  the 
first  estimate  makes  the  star  about  one-fifth  magnitude 
brighter  than  mine. 

In  1905  the  star  rose  rapidly  from  10". 1  on  Aug.  5  to  a 
sharply-defined  maximum  on  Sept.  14  (8".0),  and  then  de- 
clined, at  first  nearly  as  quicklj',  to  a  minimum  (10". 3)  on 
Nov.  27.  The  variable  then  rose  to  9". 9  on  Dec.  19,  but 
then  remained  nearly  stationary  until  1906  Jan.  22,  when 
a  slow  rise  set  in  again.  This  minimum  occurred  nearly 
two  months  earlier  than  the  expected  date,  and  the  maxi- 
mum preceding  it  nearly  a  month  earlier.  There  are,  per- 
haps, traces  of  a  secondary  minimum  about  1906  Jan.  14. 
Observations  were  made  on  35  nights,  between  1905  Aug. 
5  and  1906  Feb.  20,  so  that  the  light-changes  during  the 
intervening  period  are  well  ascertained.  Owing  to  the 
irregularities  referred  to  above,  it  is  doubtful  at  present 
what  modification  of  the  published  elements  is  indicated. 
It  would  seem  as  though  the  recent  prolonged  minimum,  or 
standstill,  will  have  the  effect  of  making  the  next  maxi- 
mum occur  nearly  on  the  computed  date. 

1205.      Y  Per  set. 
Observations  made  on  9  nights,  between  1904  Dec.  13 
and  1905  Mar.  19,  indicate  a  minimum  for  1905  Feb.  11 

*  Miss  Whitney  gives  9". 4  for  the  magnitude  of  DM.  +48°614. 
I  had  assumed  it  to  be  8". 7,  after  the  DM. 


(9".8),  but  the  results  are  insufficient  to  give  a  good  deter- 
mination of  the  date.     Observations  on  22  nights,  between 

1905  Aug.  5  and  1906  Jan.  13,  give  a  good  determination 
of  another  minimum  for  1905  Oct.  29  (9".S).  The  above 
dates  of  minimum  are  11  and  12  days  respectively  later 
than  those  given  by  the  elements  of  Graff.* 

RU  Persel  (187.1904). 
R.A.  =  .3"  23"  57"     ,     Decl.  =  +39°  18'.9  (1900). 
Observations  on   36  nights,   between  1905  Aug.  5  and 

1906  Feb.  25,  show  that  the  star  was  at  minimum  bright- 
ness (10". 4)  on  1905  Sept.  17;  and  that  a  well-defined 
maximum  (9". 4)  occurred  on  1905  Nov.  26.  At  the  end  of 
February  of  this  year  the  star  was  apparently  just  about 
at  minimum  again. 

RY  Li/rae. 
R.A.  =  18''  41""  15»  ,  Decl.  =  +34°  34'.3  (1900). 
Observations  were  made  on  9  nights,  between  1905  May 
5  and  Oct.  19.  On  the  former  date  the  variable  was  9". 2, 
and  it  diminished  steadily  in  brightness  to  12". 4  on  July  27. 
On  Oct.  19  it  was  invisible  in  a  6|-in.  reflector,  and  must 
have  been  fainter  than  12".  Maximum  brightness  was 
probably  attained  about  1905  May  2.  As  four  maxima 
have  now  been  observed,  fresh  elements  of  variation  have 
been  derived  as  under. 

Maximum  =  1900  Nov.  13  (J.D.  2415337)  +  327"  E. 

The  observed  maxima  are  : 

E                   Date                J.D.  241+  Mag.  O— C 

0  1900  Oct.  23         5316  .    .  -21'' 

3  1903  July  25         6321  9.5  +   3 

4  1904  June  10         6642  10.6  -   3 

5  1905  May    2±      6968  ±  9.2  -  4 

The  first  maximum  is  a  photographic  one,  but  it  appears 
to  be  quite  well  determined,  and  it  can  hardly  be  more 
than  a  few  days  in  error.  The  maximum  of  1905  cannot 
well  be  later  than  May  2,  whilst  it  might  be  somewhat 
earlier.  It  appears  probable,  therefore,  that  the  period  is 
not  of  uniform  length.  According  to  M.  and  G.  Wolf  the 
variable  is  not  visible,  and  fainter  than  13",  on  a  Heidel- 
berg plate,  dated  1896  Nov.  4  (see  A.N.,  No.  4046).  The 
computed  date  of  maximum  in  that  year  is  May  22,  so  that 
the  star  should  have  been  faint  at  the  date  of  the  photo- 
graph, which  thus  confirms  the  general  correctness  of  the 
elements. 

SU  Lyme  (59.1905). 
R.A.  =  18''  50'"  7»     ,     Decl.  =  +36°  28'.  1  (1900). 

This  star,  the  variability  of  which  was  discovered  at 
Heidelberg  by  M.  and  G.  Wolf,  was  about  11"  in  the  early 
part  of  May,  1905,  and  from  this  time  it  decreased  in 
brightness  at  a  nearly  uniform  rate  until  July  30,  after 

*  Mitteilungen  der  Hamburger  Sternwarte,  Nr.  8,  p.  24. 
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which  it  could  no  longer  be  seen  with  a  G^-in.  reflector. 
The  last  negative  observation  was  made  on  Oct.  4. 

6816.     Z  Lijrde. 

A  well-defined  maximum  (9". 9)  occurred  1905  June  17. 
Nineteen  observations  between  May  5  and  Sept.  3. 

6783.     RX  Lijrae. 

A  maximum  (10". 9)  occurred  1905  May  19,  but  this  is 
not  a  good  determination,  the  curve  being  somewhat  flat, 
and  the  observations  not  well  distributed.  Twelve  obser- 
vations between  the  limiting  dates  May  5  and  June  24. 

6895.     RU  Lijme. 

Nineteen  observations,  between  1905  June  22  and  Oct. 
27,  give  a  good  determination  of  the  time  of  maximum, 
namely,  1905  Sept.  2  (10". 2).  The  maximum  was  a  well- 
defined  one. 

7019.      T  Cygni. 

A  well-defined  maximum  occurred  1905  Sept.  19  (8". 6). 
Twenty  observations  between  June  22  and  Nov.  16. 

20  Hove  Park  Villas,  Hove,  1906  March  9. 


7571«.     TW  Cygni. 
A  well-defined  maximum  occurred  1905  May  26  (9".0). 
Fourteen  observations  between  May  5  and  Aug.  5. 

RV  Pegasi  (159.1904). 
R.A.  =  221'  2ini  2«  ,  Decl.  =  +29°  5T.9  (1900). 
This  star  was  invisible  (<12i")  in  a  6^-in.  reflector  on 
1905  June  21,  but  on  July  30  it  was  observed  about  11", 
and  a  pretty  definite  maximum  (10|")  was  reached  on 
Aug.  5.  From  this  date  there  was  a  slow  decline  to  below 
12"  by  Nov.  23,  with  a  distinct  secondary  maximum  about 
Aug.  27.  The  date  of  the  previous  maximum  is  somewhat 
uncertain,  though,  having  regard  to  the  photographic 
observations  of  Gotz  at  Heidelberg,  it  probably  occurred 
somewhere  about  1904  Aug.  5,  so  that  the  period  is  evi- 
dently nearly  equal  in  length  to  a  year.  It  is  noteworthy 
that  the  recent  maximum  was  about  two  whole  magnitudes 
fainter  than  that  of  1904,  since  in  the  latter  year  the  star 
must  have  attained  to  a  visual  magnitude  of  8^  or  brighter. 
The  decline  after  the  maximum  of  1904  was  also  very 
much  more  rapid  than  that  after  the  recent  maximum. 
The  comparatively  rapid  decline  in  1904  is  shown  by  the 
observations  of  Mr.  Wickham  at  the  Radcliffe  Observatory, 
Oxford,  published  in  the  Monthly  Notices,  Vol.  65,  p.  161. 


MICROMETRICAL  OBSERVATIONS  OF  THE   FIFTH  SATELLITE  OF  JUPITER, 


By  E.  E.  BARNARD. 


The  present  season  has  been  very  bad  for  observations 
of  the  Fifth  Satellite  of  Jupiter. 

Though  the  planet  has  been  splendidly  placed  for  obser- 
vation, only  a  few  measures  of  the  satellite  have  been 
obtained,  and  those  with  very  great  difficulty,  with  the 
exception  of  the  latter  set  of  measures  on  1905  Dec.  5,  at 
which  time  the  satellite  was  very  easy  to  measure.  Un- 
fortunately the  measures  were  interrupted  at  midnight  on 
that  date,  and  the  complete  elongation  could  not  be  ob- 
served. 


I  have  devoted  most  of  the  time  to  measures  from  the 
polar  limbs  of  the  planet,  because  such  measures  have  been 
very  few  in  the  previous  observations,  and  are  much  needed 
to  determine  the  inclination  of  the  satellite's  orbit.  The 
results  are  not  so  satisfactory  as  I  could  wish.  In  bad  see- 
ing the  polar  limbs  are  not  so  well  seen  as  the  equatorial, 
because  of  the  duskiness  of  the  polar  regions  of  Jupiter, 
and  hence  the  settings  are  not  so  accurate. 

Following  are  all  the  observations  I  have  been  able  to 
secure.    The  times  are  6''  0™  slow  of  Greenwich  Mean  Time. 


Observations  op  the  Satellite. 


Central  Appt. 

1905       Stand.  Time  lat.     Comp. 

From  N.  limb 


Oct.    28     10     3  64     23.48     -Q.li 


From  S.  limb 
Oct.    28     10  10  53     22.45     -0.24     1 


5  Satel.  preceding. 
Seen  for  only  a 
few  minutes 


From  S.  limb 
Nov.  25     12  55  56     25.05     +1.84     4     Satel.   following. 

From  X.  limb  Seeing  very  poor. 

Nov.  25     13     8  21     22.18     +1.03     4 


Central  Appt. 

1905       Stand.  Time  lat.     Comp. 

From  S.  limb 

Nov.  25     13''l2"3l'    24^28     +l!o7     4     Very  difficult. 

From  N.  limb 
Nov.  25     13  15  43     22.65     +0.56     4 

From  S.  limb 
Nov.  25     13  19     1     24.18     +0.97     4 
From         From 
f.  limb        center 
Nov.  25     13  24  18     34.21       58.96     4 
13  26  52     34.28       59.04     3 
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Central                            From 

Central                            Appt. 

1905 

Stand.  Time                      center 

Jomp. 

1905 

Stand.  Time                        lat.     Comp. 

From  p.  limb 

From  S.  limb 

Nov. 

25 

13"  29" 

'  6'   83"33       58*58 

3 

Dec. 

5 

7 

26°° 

55'    24.04      +0.98 

3 

13  31 

16     83.06       58.31 
From  f.  limb 

3 

7 

29 

37     24.21      +1.16 
From          From 

3 

Nov. 

25 

13  33  43     33.30       58.05 

3 

f.  limb       center 

13  35 

56     32.79       57.55 

3 

Dec. 

5 

11 

36 

12     34.97       59.59 

3 

Satellite    follow- 

13 38 

26     32.38       57.13 

3 

11 

38 

58     35.43       60.05 

3 

ing.   Seeing  very 

13  40 

58     31.70       56.46 
From  p.  limb 

4 

11 

40 

40     35.86       60.48 
From  p.  limb 

2 

g'd.  Satel.  bright 

Nov. 

25 

13  43 

49     80.67       55.91 

3 

Dec. 

5 

11 

42 

56     84.73       60.13 

3 

13  46 

12     79.96       55.79 

From         Appt. 
N.  limb        lat. 

3 

11 
11 

45 
48 

45     85.20       60.60 
45     85.19       60.59 
From  f .  limb 

3 

3 

Nov. 

25 

13  50 
13  53 

37     23.49     -0.28 
23     23.68     -0.47 
From  S.  limb 

3 
4 

Dec. 

5 

11 
11 
11 

53 
55 

58 

0     36.48       61.10 
40     36.58       61.20 
17     36.34       60  96 

3 
3 

2 

Nov. 

25 

13  56 

13  58 

31     22.92     -0.29 
36     23.08     -0.13 

3 
3 

From         Appt. 
S.  limb         lat. 

14     1 

9     22.54     -0.67 
From  N.  limb 

3 

Dec. 

5 

12 

2 

46     23.72     +0.66 
From  N.  limb 

3 

Nov. 

25 

14     3 
14     6 

51     24.51     -1.30 
43     24.57     -1.36 

3 
4 

Dec. 

5 

12 

5 

0     22.45     +0.60 
From  S.  limb 

3 

Nov. 

25 

14  10 
14  12 
14  15 

From  S.  limb 
9     22.58     -0.63 
49     22.56     -0.65 
6     21.85     -1.35 

3 
3 
3 

Dec. 

12 

11 
11 

48 
51 

57     23.89     +1.04 
25     23.84     +0.99 
From  N.  limb 

3 
2 

Satel.  fol.  Seeing 
excessively  bad. 

From  X.  limb 

Dec. 

12 

11 

54 

25     22.57     +0.28 

3 

Satellite  very 

Nov. 

25 

14  18 
14  21 

12     24.73     -1.53 
32     24.83     -1.62 

3 
4 

11 

57 

57     22.55     +0.30 
From  S.  limb 

2 

difficult 

From         From 

Dec. 

12 

11 

59 

59     23.66     +0.81 

3 

p.  limb       center 

From  N.  limb 

Dec. 

5 

6  59 

7  1 

45     29.58       54.18 
45     28.99       53.59 

2 

2 

Satel.  preceding 

Dec. 

12 

12 

3 

2      23.26      -0.41 
From  S.  limb 

4 

Satellite    follow- 

From f.  limb 

Dec. 

16 

12 

11 

8     22.08     -0.63 

4 

ing.   Seeing  very 

Dec. 

5 

7     4 
7     5 

7     77.17       52.57 
50     77.27       52.67 

2 

Seeing  very  good; 
satellite,  v.  faint ; 

From  N.  limb 

bad,  and  satellite 
very  difficult. 

From         Appt. 

difficult 

Dec. 

16 

12 

13 

58     24.26     -1.56 

5 

N.  limb         lat. 

From          From 

Dec. 

5 

7  10 

53     22.47     +0.58 

3 

f.  limb        center 

7  13 

23     22.73     +0.32 
From  S.  limb 

3 

Dec. 

26 

9 
9 

39 
46 

44     33.25       56.97 
29     34.51       58.23 

3 
4 

Satel.  fol.  Obs.v. 
diffi't  and  uncert. 

Dec. 

5 

7  16 

10     23,37     +0.32 

3 

From  p.  limb 

7  IS 

26     23.87     +0.82 
From  N.  limb 

3 

Dec. 

26 

9 
9 

53 

59 

51     82.56       58.84 
1     82.68       58.96 

3 

2 

Dec. 

5 

7  21 

33     22.24     +0.81 

3 

From  f.  limb 

7  23 

52     22.27     +0.79 

3 

Dec. 

26 

10 

3 

10     33.48       57.20 

1 

Following    are    the    computed    apparent    diameters    of 
Jupiter  used  in  the  reductions : 

1905        App.  eq.  diam.  App.  polar  diam. 


Oct. 

28 

45.392 

Nov 

25 

49.513 

46.416 

Dee. 

5 

49.200 

46.112 

12 

45.701 

16 

45.409 

26 

47.441 

Following  are  the  position-angles  of  the  micrometer  wires 
at  the  times  of  the  latitude  measures. 

190.'; 


Oct. 

28 

80.31 

Nov. 

25 

79.46 

Dec. 

5 

79.24 

12 

79.10 

16 

78.66 

26 

78.20 
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A  number  of  position-angles  of  the  belts  of  Jupiter  were 
accidentally  omitted  in  the  previous  papers  on  the  Fifth 
Satellite.  They  are  collected  and  given  here  as  a  continu- 
ation of  those  previously  printed. 


1899  May  22 

1900  Apr.  18 

24 

June   1 

July  10 

11 

25 

29 

30 

Aujr.    6 


P. A.  of  belts  113.08  (5)  at 
100.20  (4) 
102.77  (4) 
101.59  (4) 
102.73  (4) 
105.04  (4) 
102.02  (4) 
101.55(4) 
102.63  (3) 
101.92  (4) 


9  20 
14  50 
13  35 
10  50 

7  50 


8     0 
7  55 

7  50 

8  15 
7  30 


1900  Aug.    7 

P.A.  of  belts  101.84  (4) 

at     7  40 

14 

101.95  (4) 

7  20 

1901  July  29 

88.60  (5) 

9  30 

1903  July  20 

66.57  (5) 

13  20 

1904  Dec.  31 

67.34  (5) 

6  10 

1905  Nov.  25 

78.97  (6) 

14  30 

Dec.  16 

76.94  (4) 

12  30 

1906  Feb.    6 

77.00  (6) 

8  20 

In  these  last  observations  there  was  no  north  equatorial 
belt.  There  was,  however,  a  strong  south  equatorial  belt, 
and  the  wires  were  made  parallel  to  it.  The  measures 
may  not  be  so  good  as  previous  ones  because  of  a  want  of 
symmetry  of  the  belts  with  respect  to  the  equator.  The 
Great  Red  Spot  was  observed  in  transit  1905  Dec.  9,  at 
gh  4m  Central  Standard  Time.     The  Spot  was  very  pale. 


Terkes  Observatory,  1906  March  14. 


MAXIMA   OF   LONG-PERIOD   VARIABLES, 

Bt  mart  W.  WHITNEY. 

4948.  R  Can.  Ven.     Predicted  maximum  Aug.  11th. 
Observations  extended    from    June  25th  to  Aug.  17th, 


The  following  variable  stars  have  been  observed  at 
Vassar  College  during  periods  including  their  predicted 
maxima  for  1905  : 


6449.  T  Draconis.  Predicted  maximum  June  10th. 
Observations  of  this  star  extended  from  June  3d  to  Oct. 
28th,  1905.  During  that  interval  it  did  not  differ  to  a 
noticeable  degree  from  B.D.  78°1771,  magnitude  9.5,  by 
B.D.  standard.  T  Draconis  is  not  given  in  the  original 
B.D.  catalogue,  but  it  is  included  in  the  revised  charts  of 
1898.  Tf  the  star  is  correctly  located  on  the  chart,  the 
right  star  was  observed. 

5955.  K  Draconis.     Predicted  maximum  July  4th. 
Eleven    observations.  May  24th  to  Oct.  6th,  indicate  a 
maximum  of  7^.7  on  July  9th.  An  observation  on  Jan.  26th, 
1906,  gives  a  magnitude  9.5.    A  minimum  probably  occurred 
early  in  November. 

5237.  R  Bootis.     Predicted  maximum  July  18th. 
From  ten  observations,  May  24th  to  Sept.  21st,  a  maxi- 
mum of  6". 8  on  July  16th  was  derived. 

6044.   5  Herrulis.     Predicted  maximum  July  19th. 
Nine  observations,  May  24th  to  Sept.  11th,  place  maxi- 
mum at  7". 7,  on  July  20th. 

Vassar  College  Observatory.  1906  April  21. 


and  magnitudes  ranged  from  8.9  to  10.2,  all  on  the  down- 
ward slope  of  the  curve.  Maximum  may  have  occurred 
about  June  15th. 

678.    U  Persei.     Predicted  maximum  Aug.  19th. 
Nine  observations,  June  25th  to  Oct.  28th,  give  maximum 
7".8,  on  July  30th. 

5950.   W  Herculis.     Predicted  maximum  Aug.  31. 
Eleven  observations,  May  25th  to  Oct.  7th,  indicate  a 
maximum  of  8". 2  on  Aug.  22d. 

6512.   T  Herculis.     Predicted  maximum  Sept.  7th. 
Curve  based  on  nine  observations,  July  3d  to  Oct.  28th, 
gives  a  maximum  of  7  ".8  on  Sept.  3d. 

5194.  V  Bootis.  Predicted  maximum  Sept.  10th. 
Eight  comparisons,  July  9th  to  Oct.  30th,  show  that 
maximum  occurred  about  Oct.  20th,  with  magnitude  7.8. 
Two  later  observations,  Feb.  23,  1906,  magnitude  10.4, 
and  April  16th,  magnitude  10.2,  indicate  a  minimum  about 
the  middle  of  March. 


SECONDARY   NUCLEUS    TO   COMET  h  1906  {kopffs,  March  s)* 

Bt  E.  E.  BARNARD. 


On  March  17  — the  first  observation  of  this  comet  here— 
I  noticed  with  the  40-inch  telescope  a  faint  star-like  con- 
densation close  preceding  the  nucleus.  The  unusually 
slow  motion  of  the  comet  made  it  uncertain  whether  the 


object  was  a  faint  star  or  a  secondary  nucleus.  It  was 
seen  again,  however,  on  March  24,  at  a  somewhat  greater 
distance  from  the  nucleus,  and  was  (as  before)  involved  in 
the  tail,  and  rather  difficult  to  see.     By  hiding  the  brighter 
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part  of  the  comet  the  object  appeared  as  a  small  star-like 
nucleus.  The  following  position  is  referred  to  the  nucleus 
of  the  comet : 

1906  March  241  18"  40'"  Gr.  M.T. 

Position-angle,  300°.0  (5  obs.)  Distance,  4".68  (4  obs.) 

The  second  nucleus  was  about  14''-15". 

If  this  object  were  free  from  the  nebulosity  of  the  main 
body,  it  would  doubtless  appear  as  a  distinct  comet  — like 
one  of  the  companions  of  comet  V  1889.  It  is  a  similar 
case  to  that  of  Swift's  comet  (a  1899),  which  was  observed 
here  and  at  the  Lick  Observatory  to  have  a  second  nucleus 
or  small  comet  receding  from  it  (see  A.J.  464). 

Terkes  Observatory,  1906  March  26. 


Looking  back  over  the  past  twenty-five  years  at  the 
various  cases  of  double  or  multiple  comets,  it  would  appear 
that  Biela's  double  comet  was  not  such  a  rare  object  after 
all. 

The  following  additional  observation  of  the  double  head 
of  Kopff's  comet  has  been  made  : 

1906  March  31"  IS"-  0"  Central  Standard  Time. 
Position-angle  302°. 7        Distance  5".67. 

There  seems  to  be  a  slight  change  in  the  angle  and  dis- 
tance, but  it  is  quite  difficult  to  measure  satisfactorily. 
The  small  nucleus  is  3  or  4  magnitudes  fainter  than  the 
principal  one. 


*  From  Supplement  to  Nos.  5S4--5. 


COMET    C    1906    {boss,  March  1?)  * 


A  comet  was  discovered  by  Ross,  at  Melbourne,  Aus- 
tralia, on  March  17,  in  the  position  first  given  below.  It 
is  described  as  circular,  3'  diameter,  brightness  8",  with 
some  central  condensation. 

The  other  positions  below  were  observed  by  Prof.  H.  R. 
Morgan,  of  the  Morrison  Observatory,  Glasgow,  Missouri, 
and  received  by  telegraph  via  Harvard  College  Observatory. 


1906  Gr.  M.T. 

a 

8 

Observer 

Mar.  17.914 

2     3  52 

-7  41 

-' 

Ross 

19.5779 

2     9  31.4 

-5  47 

25 

Morgan 

21.5782 

2  16     3.8 

-3  35 

21 

Morgan 

22.5773 

2  19     3.7 

—  2  32 

29 

Morgan 

The  following  elements  and  ephemeris,  telegraphed  by 
Admiral  Asa  Walker,  Superintendent  Naval  Observatory, 


Washington,    also   I'ia    H.C.O.,    were    computed    by   Miss 
Eleanor  Lamson,  from  observations  of  Mar.  19,  20,  21. 

Elements. 

7'  =   1906  Feb.  21.47  Gr.  M.T. 

o>  =   278^3' I 
S2    =     72  51  Cl906 
i  =     81  27  ) 

q   =  0.743 


Ephemeris. 
1906  a 

March  25         2  27"' 47^         +   0  26 

29  38  45  4  11 

April      2  48  52  7  36 


6 


2  58  17 


+  10  42 


'  From  Supplement  to  Nos.  5S4-5. 
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A   COMPARISON   OF   TWO   METHODS   OF   OBTAINING   LEVEL   CORRECTIONS 
IN   PRIME-VERTICAL   TRANSIT   OBSERVATIONS, 

By  GEORGE  A.  HILL. 
[Communicated  by  Rear-Admiral  Asa  Walkek,  Superintendent  Naval  Observatory.] 


In  ascertaining  small  displacements  that  occur  in  star 
positions,  due  to  a  number  of  causes,  astronomers  depend 
for  a  part  of  the  accuracy  of  their  results,  especially  if  the 
measurements  are  made  with  the  zenith-telescope,  or  the 
prime-vertical  transit,  upon  the  change  of  the  air  bubble  in 
a  level  vial  indicating  a  corresponding  change  in  position 
of  the  instrument. 

In  modern  practice,  those  who  use  the  zenith-telescope 
have  equipped  their  instruments  with  two  level  vials,  so 
that  one  will  check  the  other.  It  is  somewhat  cumbersome 
to  attach  two  vials  to  the  striding  frame,  used  in  connection 
with  the  prime-vertical  transit. 

As  is  well  known,  each  time  the  lack  of  horizontality  of 
the  pivots  is  to  be  measured,  the  level  box  must  be  reversed 
end  for  end,  and  to  obtain  accordant  values  of  the  level,  a 
perpendicular  plane  must  pass  through  the  points  of  con- 
tact of  vial  in  its  box,  and  the  axis  of  the  instrument.  I 
have  hesitated  as  to  the  wisdom  of  attaching  two  vials  to 
the  striding  frame  of  our  instrument,  fearing  that  each  of 
them  would  not  continue  to  conform  to  that  plane. 

The  error  due  to  lack  of  level  in  the  axis  of  the  prime- 
vertical  transit  instrument  enters  an  observed  position  of  a 
star  with  practically  its  full  amount,  because  objects 
selected  for  the  transits  are  relatively  near  the  zenith  when 
they  cross  the  prime-vertical.  It  is,  therefore,  of  the  utmost 
importance,  that  the  level  correction  should  be  determined 
with  the  greatest  care. 

In  what  follows,  it  will  be  understood  that  Struve's 
method  of  observing,  that  is,  a  reversal  of  the  instrument 
on  both  verticals,  to  eliminate  the  eollimation,  and  the 
inequality  of  pivots,  is  the  only  one  considered. 

It  is  now  in  order  to  consider  a  mode  by  which  the 
deviation  of  the  axis  of  the  prime-vertical  transit  from  a 
horizontal  plane  can  be  obtained,  without  the  aid  of  a  level 
vial.     It  is  beyond  question  that  an  independent  measure- 


ment of  the  error,  or  its  elimination  by  the  process  of 
observing,  will  greatly  increase  the  value  of  a  declination, 
or  latitude  secured  with  the  form  of  instrument  here  being 
considered. 

To  fix  our  ideas  upon  a  proper  theory,  suppose  we  revert 
to  the  general  equation  of  a  transit  instrument,  assuming 
the  following  notation.  These  equations,  which  are  intro- 
duced to  illustrate  what  follows,  are  by  Bessel,  but  are 
here  given,  with  one  or  two  modifications,  as  they  appear 
in  the  second  volume  of  Chauvenet. 

Let  qp  =  the  latitude  of  the  place  in  which  the  instru- 
ment is  mounted,  8  the  declination  of  a  star,  t  the  lio\ir- 
angle  of  the  same  when  on  the  prime-vertical,  a  the 
azimuth  of  the  rotation  axis  of  the  instrument,  positive 
when  the  north  end  is  east  of  north ;  c  the  oollimation  con- 
stant of  a  thread,  positive  if  the  thread  is  north  of  the 
eollimation  axis ;  b  the  inclination  of  the  rotation  axis, 
positive  when  the  north  end  is  highest ;  X  the  longitude  of 
the  meridian  of  the  instrument,  positive  when  west  of  the 
true  meridian ;  and  D  the  declination  of  the  north  end  of 
the  axis,  then  we  have  by  proper  substitutions,  these 
equations : 


cos  I)  cos  X  =  —sin  b  cos  (f  +  cos  h  cos  a  sin  g 
cos  D  sin  X  =       cos  6  sin  a 

sinZ'=       sin  Ji  sin  (jp  +  cos  S  cos  a  cos  (jf 

Xow  assume  h  and  /3  to  satisfy 

h  sin  /?  =  sin  b 

h  cos  /3  =  cos  b  cos  a 

and  from  equation  (1)  we  have 


cos  I)  cosX  =  h  sin  (qp  — /8) 
cos  D  sin  X  =  cos  b  sin  a 

sin  D=  h  cos(g— /3) 


(1) 


\     (2) 


(3) 
(85) 
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From  the  general  equation  of  the  transit  instrument  we 
have, 


(4) 


-sine  =  sin  />  sin  8  —  cos  D  cos  8  cos  ( T  —  A) 
sin  c  =  sin  D  sin  8  —  cos  D  cos  8  cos  ( T'  — A) 


Let  us  designate  {T—\)  and  {T'—X)  hy  t  and  t'  respec- 
tively, in  which  t  represents  one-half  the  elapsed  sidereal 
time  it  takes  a  star  to  pass  from  a  certain  thread  in  the 
instrument,  on  the  east  vertical,  to  the  same  thread  on  the 
west,  in  one  position  of  the  axis,  and  f'  similarly  for  a 
reversed  position. 

The  sum  of  the  equations  in  (4)  gives 

cot  1>  =  tan  8  sec  ^  ('  +  *')  aeci(f-t'), 
and  equation  (3)  gives 

cot  D  cos  X  =  tan  (q — /3). 

In  the  last  equation  it  will  be  seen  that  /3  represents  the 
correction  for  level,  corresponding  to  the  time  of  the  pas- 
sage of  the  star  over  tJie  east  and  west  verticals,  respec- 
tively. 

Now  let  qr'  =  g  — /8,  and  we  have 

^  tan  q'  =  tan  8  .  sec  i(t  +  t')  sec  ^{t-t')  cos  A 
(")       \q,  =  q'  +  fi 

Equation  (5)  is  the  equation  developed  by  Struve  for 
reducing  a  prime-vertical  transit  made  in  accordance  with 
his  method  of  observing. 

We  now  wish  to  devise  a  method  by  which  the  value  of 
P,  whatever  it  may  be,  will  have  opposite  effects  upon  the 
hour-angle  during  the  process  of  noting  the  transits  of  the 
star  as  it  crosses  the  several  threads  in  the  instrument. 

It  may  be  seen  from  a  purely  mechanical  analysis  that, 
as  the  instrument  points  toward  the  heavens,  at  a  certain 
angular  distance  from  the  zenith  on  the  east  vertical,  should 
the  south  end  of  the  axis  be  too  high,  for  a  position  in  our 
latitude,  although  it  had  been  accurately  adjusted  in  colli- 
mation  and  azimuth,  a  star  would  transit  the  line  of  colli- 
mation  before  it  did  the  great  circle  of  the  prime-vertical. 
Likewise,  if  the  instrument  is  turned  down,  and  pointed 
toward  a  basin  filled  with  mercury,  and  at  a  similar  angular 
distance  from  the  nadir,  the  star  would  appear  to  transit,  by 
reflection,  the  line  of  collimation  after  it  did  the  great 
circle  of  the  prime-vertical.  From  this  it  follows,  the 
effect  ot  the  inclination  of  the  axis,  on  the  transit  time, 
would  have  opposite  signs  from  the  two  methods,  and  by  a 
proper  combination  can  be  eliminated. 

We  may  prove  the  same  thing  by  an  algebraic  analysis. 
The  general  equation  of  the  transit  instniment  in  the  prime- 
vertical  can  be  so  reduced  that  the  term  containing  the 
correction  for  level  error  would  be 

cos  z  sin  b 


cos  a  cos  b 


in  which  s  is  the  zenith-distance  of  the  star  in  the  prime- 
vertical,  a  its  right-ascension,  and  b  the  error  of  level. 
The  sum  of  the  cosines  of  zenith-distance,  for  all  the 
threads,  both  by  direct  and  reflected  transits,  that  are  to 
enter  the  numerator  of  the  above  expression,  would  be 
practically  zero. 

The  writer,  anxious  that  the  observations  he  has  carried 
on  with  the  prime-vertical  transit  at  the  Naval  Observatory 
should  be  put  to  the  most  exhaustive  test,  to  prove  beyond 
doubt  whether  there  are  defects  in  securing  levelings  of  the 
instrument  that  are  in  any  manner  causing  erroneous  re- 
sults, which  are  not  manifest  by  one  method  of  securing 
that  correction,  has  introduced  the  mode  of  securing  direct 
and  reflected  transits  into  his  observing  with  the  instru- 
ment. So  far  as  I  am  aware  no  one  has  up  to  this  time 
published  results  with  the  prime-vertical  transit  from  which 
the  level  error  has  been  eliminated  by  the  method  of 
observing. 

In  the  Fall  of  1903  the  instrument  was  dismounted  for 
a  general  cleaning,  after  it  had  been  in  constant  use  for  ten 
years,  and  advantage  was  taken  of  that  opportunity  to 
place  in  the  reticule  of  the  micrometer  a  system  of  threads 
that  would  permit  of  making  these  double  observations  on 
the  same  night.  Experience  has  shown  the  writer,  that  in  ■ 
general,  it  is  jiracticable  to  obtain  the  transits  by  the  two 
methods,  and  at  the  same  time  carry  out  the  Struve  mode 
of  using  the  instrument. 

The  system  of  threads  is  made  up  of  four  groups,  each 
containing  seven  threads.  Two  groups  are  placed  on  each 
side  of  the  thread  that  marks  the  middle  of  the  field,  with 
sufficient  time  allowance  to  permit  the  observer,  after  the 
star  has  crossed  one  set,  to  change  from  the  couch  to  a 
step  ladder,  or  the  opposite. 

In  the  following  table  are  printed  results  of  the  decli- 
nation of  n  Lyrae  obtained  in  accordance  with  what  has 
been  outlined  above.  A  comparison  is  made  of  the  cor- 
rection for  level  that  has  been  secured  from  the  transits, 
with  that  obtained  by  the  use  of  the  level  vial. 

It  is  self-evident,  if  the  method  of  direct  and  reflected 
transits  eliminates  the  level  error  completelj',  when  the 
results  of  a  direct  and  reflected  observation  are  combined 
into  one  quantity,  then  one-half  of  the  difference  of  these 
results  should  be  equal  to  the  level  error  derived  from  the 
vial.  If  it  is  not  so,  it  is  fair  to  presume  that  erroneous 
levelings  are  being  obtained. 

The  observations  printed  include  both  day  and  night 
work.  It  should  be  stated  that  at  times,  on  account  of 
high  winds,  it  becomes  impracticable  to  secure  a  quiet  sur- 
face of  mercury,  and  then  only  direct  observations  are 
obtained. 

The  data  in  the  table  are  made  up  as  follows :  In  the 
second  and  third  columns  will  be  found  the  declination  of 
the  star  for  the  date,  reduced  to  1904.0,  the  seconds  only 


N°-  587 


THE     ASTRONOMICAL     JOURNAL. 


87 


being  printed.  Each  of  the  quantities  in  the  two  eokimns 
is  that  resulting  from  the  mean  of  seven  threads,  without 
the  application  of  the  level  correction  secured  with  the 
leveling  apparatus,  the  first  being  the  reflected,  and  the 
second  the  direct  transit,  marked  R'  and  I>',  respectively. 
The  fourth  column  contains  the  mean  of  the  two  quantities 
in  the  second  and  third,  or  the  declination  free  from  level 
and  collimation  error,  and  inequality  of  pivots. 

The  fifth  column  contains  declinations  resulting  from  the 
reflected  transit,  with  the  level  correction,  as  obtained  by 
aid  of  the  spirit  vial  applied  to  it.  The  sixth  column  con- 
tains declinations  resulting  from  the  direct  transits,  with 


the  level  correction  as  obtained  with  the  vial  applied 
to  it. 

The  seventh  column  contains  one-half  the  difference 
between  each  reflected  and  direct  transit.  Along  side  this, 
in  the  eighth  column,  is  the  level  correction  obtained  by 
the  aid  of  the  leveling  apparatus,  expressed  as  a  correction 
to  a  direct  transit.  The  last  column  contains  the  diiference 
between  the  levels  as  obtained  by  the  two  methods. 

A  study  of  these  figures  clearly  indicates  that  the  level 
error  of  the  prime-vertical  transit,  as  determined  by  means 
of  the  spirit-vial,  corresponds  very  satisfactorily  with  that 
secured  bj'  an  entirely  independent  method. 


A  Table  of  Comparison  of  Dikect  axd  Reflected  Declinations,  and  the  Cokrectiox  for  Level  as  Obtained 
FROM  THE  Transits,  and  the  Leveling  Apparatus  of  the  Instrument. 


B'+D' 

Ri—D' 

(R'-I)') 

Date 

R' 

ii' 

n 

D 

2 

Level 

2 
—Level 

liKH 

Apr.      5 

38.95 

38.12 

38.54 

38.53 

38.54 

+  0.42 

+  0.42 

0.00 

14 

38.90 

38.73 

38.82 

38.79 

38.84 

+0.08 

+  0.11 

-0.03 

17 

38.76 

38.67 

38.72 

38.70 

38.73 

+  0.04 

+  0.06 

-0.02 

Aug.  15 

39.95 

37.53 

38.74 

38.60 

38.88 

+  1.21 

+  1.35 

-0.14 

28 

38.89 

38.45 

38.67 

38.70 

38.64 

+  0.22 

+  0.19 

+0.03 

Sept.  17 

38.23 

38.32 

38.28 

38.21 

38.34 

-0.04 

+0.02 

-0.06 

22 

39.02 

38.14 

38.58 

38.57 

38.59 

+  0.44 

+  0.45 

-0.01 

Oct.      1 

38.27 

39.31 

38.79 

38.72 

38.86 

-0.52 

-0.45 

-0.07 

3 

39.64 

37.65 

38.64 

38.57 

38.72 

+  1.00 

+  1.07 

-0.07 

4 

39.58 

37.35 

38.46 

38.42 

38.51 

+  1.12 

+  1.16 

-0.04 

7 

39.33 

37.61 

.38.47 

38.51 

38.43 

+  0.86 

+0.82 

+  0.04 

16 

39.48 

38.02 

38.75 

38.86 

38.64 

+  0.73 

+  0.62 

+0.11 

18 

40.08 

35.74 

37.91 

38.10 

37.72 

+2.17 

+  1.98 

+  0.19 

19 

38.72 

38.62 

38.67 

38.65 

38.69 

+0.05 

+  0.07 

-0.02 

31 

40.10 

36.39 

38.24 

38.17 

38.32 

+  1.86 

+  1.93 

-0.07 

Nov.     1 

39.30 

37.72 

38.51 

38.32 

38.70 

+  0.79 

+  0.98 

-0.19 

16 

39.09 

37.75 

38.42 

38.57 

38.27 

+  0.67 

+  0.52 

+  0.15 

17 

38.50 

37.99 

38.24 

38.37 

38.12 

+  0.26 

+0.13 

+  0.13 

19 

39.20 

37.55 

38.38 

38.15 

38.60 

+  0.82 

+  1.05 

-0.23 

21 

39.23 

37.07 

38.15 

38.16 

38.14 

+  1.08 

+  1.07 

+  0.01 

Dec.  23 

38.96 

37.94 

38.45 

38.52 

38.38 

+0.51 

+  0.44 

+  0.07 

Jan.     8 

38.26 

38.30 

38.28 

38.28 

38.28 

-0.02 

-0.02 

0.00 

14 

37.62 

39.13 

38.38 

38.39 

38.36 

-0.76 

-0.77 

+  0.01 

Feb.      9 

40.56 

36.64 

38.60 

38.55 

38.65 

+  1.96 

+  2.01 

-0.05 

Mar.  12 

38.90 

38.18 

38.54 

38.45 

38.63 

+  0.36 

+  0.45 

-0.09 

13 

38.16 

39.09 

38.62 

38.55 

38.70 

-0.46 

-0.39 

-0.07 

Taking  means  of  the  three  values  of  the  declinations 
jiven  above,  we  have 

Reflected  I  (R+D)  Direct 

1904.0         +38°41'38".48        '38".50  38".51 


Not  considering  the  variation  of  latitude,  the  probable 
error  of  a  single  observation    derived   from    the   column 
B'  +  IJ' 


headed 


is  ±0".15. 


OBSERYATIOXS  OF  THE  CRATER  LIXJS^E  DURING  THE  LUNAR  ECLIPSE  OF 

FEBRUARY   8,   1906, 

By  JOEL  STEBBINS. 


In  accordance  with  the  suggestion  of  Prof.  W.  H.  Pick- 
ering, in  Popular  Astronomi/,  the  following  measures  of 
the  diameter  of  Linne  were  made  at  the  time  of  the  total 


lunar  eclipse  of  February  8,  1906.  The  instrument  was 
the  twelve-inch  equatorial  of  this  observatory,  with  filar 
micrometer,  and  eyepiece   giving  a    power  of  170.     Pre- 
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liminar3'  measures  were  made  on  the  nights  of  February  4 
and  5.  and  the  method  adopted  was  that  used  by  Professor 
Pickering,  where  both  micrometer  wires  are  placed  on  the 
same  side  of  the  object,  and  the  width  of  the  space  between 
the  wires  is  changed  until  it  appears  equal  to  the  diameter 
of  the  spot. 

As  a  check  upon  the  work,  I  also  measured  the  small 
crater,  which  is  about  49"  northwest  of  Linni,  the  approxi- 
mate selenographic  latitude  and  longitude  of  which  are 
respectively  N.  30°.03,  and  W.  ]3°.75.  This  little  crater 
appeared  as  a  well-defined  round  spot,  and  will  be  referred 
to  as  Crater  2. 

Both  spots  were  measured  in  a  north  and  south  direction, 
or  at  right-angles  to  the  diurnal  motion.  Each  observed 
diameter  is  the  result  of  six  settings,  that  is,  three  double 
distances.  The  results  are  given  as  measured,  except  that 
the  width  of  a  micrometer  wire,  0".48,  has  been  subtracted 
from  the  observed  diameters.  No  correction  for  change  of 
Linne,  due  to  variation  in  the  moon's  age,  has  been  applied, 
and  the  reduction  to  a  common  distance  has  been  neglected. 
This  latter  correction  amounts  to  0".l  to  be  added  to  the 
measures  of  L'mne  on  February  5,  but  the  distances  at 
other  dates  were  so  near  that  at  the  time  of  the  eclipse, 
that  the  correction  is  less  than  0".l.  On  account  of  the 
large  systematic  errors  possible  in  measuring  so  hazy  an 
object,  the  diameters  are  rounded  off  to  one  decimal  place. 
The  seeing  is  given  on  a  scale  from  0  to  5,  5  being  the  best. 

Diameters  of  Linn 


190G 

(J.M.T. 

Linne 

Crater 

February  5 

a            11 

h       m 

15   ± 

3"o 
3.0 
3.2 
3.4 

" 

Mean 

3.2 

February  8 

18  52 

2.4 

u             u 

18  57 

2.5 

«             a 

19     7 

2.1 

u            a 

19  11 

2.0 

«             « 

19  14 

2.5 

li               u 

19  17 

2.4 

l<             <■ 

19  20 

2.1 

u             it 

19  22 

2.1 

U                   11 

19  26 

2.3 

11             11 

19  29 

2.4 

11             11 

Mean 

2.4 

2.1 

Linne  Eclipsed. 

February  8 

21   19 

3.4 

11          11 

21  22 

2.4 

11          11 

21  24 

3.0 

21  28 

3.2 

11         <i 

21  31 

2.2 

<i          (1 

21  34 

3.2 

11          11 

21  36 

3.0 

11          <i 

21  40 

2.5 

The  last  measure  of  Linne  before  the  eclipse,  was  made 
when  the  spot  was  rapidly  being  lost  in  the  umbra ;  and 
again  at  reappearance  the  first  setting  was  obtained  while 
Linne  was  still  very  dark. 

For  some  time  pn-eceding  totality  the  seeing  was  called  2, 
or  fair;  but  when  Linni  had  emerged,  it  was  much  worse 
and  was  called  1.  The  measures  were  made  as  well  as 
possible,  and  without  prejudice  until  21''  40"",  when  the 
settings  were  compared  with  those  taken  before  the  eclijjse, 
and  much  to  my  surprise  I  found  that  I  was  measuring 
Triune  larger  by  about  thirty  per  cent.  I  then  took  another 
set  of  Linne  and  of  Crater  2,  and  could  not  help  noticing 
an  immediate  decrease.  Rather  than  go  on  after  I  had  be- 
come prejudiced,  and  with  such  bad  seeing,  the  observations 
were  discontinued.  Measures  on  subsequent  dates  were 
made  after  I  had  forgotten  the  data  of  the  eclipse 
night. 

It  will  be  noticed  that  both  Linne  and  Crater  2  were 
measured  larger  in  poor  than  in  good  seeing,  and  in  my 
judgement  the  large  api^arent  increase  in  the  diameters 
after  the  eclipse  was  due  almost  wholly  to  this  cause.  The 
fact  that  the  change  was  greater  for  Linyie  than  for  Crater 
2,  is  easily  explained  by  the  hazy  outline  of  the  former. 
If  there  was  any  increase  in  the  size  of  Linne,  as  has  been 
reported  at  the  time  of  jirevious  eclipses,  it  was  too  small 
to  be  detected  here  under  the  conditions  when  the  follow- 
ing measures  were  made. 

e  AND  OF   Crater  2. 
1900 

February    8 


Mean 


See  remarks. 


21  49 
21  51 


Linne    Crater  2 

2"6    ." 
2.0 


Februarv  10 


16  35 
16  37 
16  41 
16  43 
16  45 
16  47 
16  49 
16  51 


2.6 


2.5 
2.6 


1.9 
1.8 


2.0 
2.0 


Mean 


2.6 


1.9 


March 

9 

14  41 
14  44 
14  51 
14  53 

14  57 

15  0 
15     3 

2.2 
2.1 

2.2 
2.1 

l.S 
1.8 

l.S 

" 

15     5 

1.8 

^lean 


1.8 


Universitt/  of  Illinois  Ohserratori/,  Urhitmi,  III.,  1906  March. 
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SUNSPOT   OBSERVATIONS, 

MADE    AT    THE    AMHERST    COLLEGE    OBSERVATORY. 

By  ROBERT  H.  BAKER. 


1906 

New 

Disapp. 

Reapp. 

Total 

Def. 

1906 

New 

Disapp 

Reapp. 

Total 

Def. 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

a      h 

d        h 

Jan.     1  22 

1 

1 

_ 

_ 

- 

- 

2 

21 

3 

Mar.  18     4 

1 

9 

1 

1 

J 

4 

4 

22 

3 

2  21 

1 

1 

1 

1 

1 

1 

2 

12 

3 

20  22 

2 

60 

_ 

_ 

2 

12 

6 

78 

5 

*6     1 

_ 

1 

1 

11 

_ 

_ 

1 

2 

2 

21  22 

_ 

1 

_ 

_ 

_ 

_ 

6 

48 

4 

*  7     2 

_ 

_ 

_ 

_ 

_ 

_ 

1 

1 

2 

22  23 

- 

_ 

_ 

_ 

_ 

_ 

6 

31 

3 

7  23 

- 

- 

_ 

_ 

- 

- 

1 

1 

1 

23  23 

_ 

1 

1 

1 

- 

_ 

5 

24 

4 

8  22 

1 

7 

_ 

_ 

1 

7 

1 

7 

3 

25     2 

1 

4 

_ 

_ 

1 

4 

6 

29 

5 

10    ;! 

_ 

2 

_ 

_ 

_ 

_ 

1 

9 

3 

27  22 

1 

13 

3 

12 

1 

5 

4 

24 

5 

10  21 

_ 

_ 

_ 

_ 

_ 

- 

1 

8 

3 

*29     0 

_ 

_ 

_ 

_ 

_ 

_ 

4 

20 

3 

12     2 

- 

_ 

_ 

_ 

_ 

- 

1 

7 

4 

*31     5 

4 

20 

2 

5 

1 

3 

6 

35 

4 

16     3 

- 

_ 

_ 

_ 

- 

- 

1 

3 

4 

31  22 

1 

8 

_ 

- 

1 

1 

7 

43 

3 

17     2 

_ 

_ 

_ 

_ 

- 

_ 

1 

2 

5 

Apr.    1  21 

_ 

3 

2 

2 

_ 

_ 

4 

41 

5 

18     3 

_ 

_ 

_ 

_ 

_ 

- 

1 

1 

4 

2  19 

- 

- 

_ 

_ 

- 

_ 

4 

24 

3 

18  21 

- 

_ 

_ 

_ 

_ 

- 

1 

1 

3 

3     6 

- 

3 

_ 

_ 

- 

_. 

4 

24 

4 

21     3 

3 

30 

1 

1 

3 

30 

3 

30 

5 

3  20 

1 

o 

1 

o 

1 

2 

4 

15 

4 

23  21 

2 

9 

_ 

t> 

7 

5 

36 

3 

4  20 

1 

10 

_ 

_ 

1 

2 

5 

22 

5 

24  21 

_ 

12 

- 

_ 

- 

5 

42 

4 

5  22 

- 

8 

_ 

_ 

_ 

_ 

5 

22 

3 

25  21 

1 

10 

- 

_ 

1 

8 

6 

45 

4 

6  19 

_ 

4 

2 

5 

_ 

_ 

3 

24 

4 

26  21 

_ 

_ 

- 

_ 

_ 

- 

6 

28 

3 

8     4 

2 

24 

_ 

2 

14 

5 

47 

4 

27  22 

- 

3 

- 

_ 

- 

- 

6 

25 

3 

10  23 

- 

_ 

1 

1 

- 

_ 

4 

24 

4 

28  21 

_ 

3 

1 

1 

_ 

_ 

4 

25 

3 

12  20 

_ 

5 

1 

1 

_ 

_ 

3 

16 

4 

29  21 

_ 

_ 

- 

_ 

_ 

_ 

4 

18 

3 

13  21 

_ 

_ 

_ 

_ 

_ 

_ 

3 

12 

3 

31     2 

1 

3 

1 

o 

- 

- 

4 

15 

2 

15  21 

2 

13 

_ 

_ 

1 

7 

5 

22 

5 

31  21 

4 

1 

1 

- 

- 

3 

2o 

4 

16  21 

- 

3 

1 

3 

- 

_ 

4 

15 

5 

Feb.     1  22 

_ 

_ 

1 

1 

_ 

_ 

2 

14 

3 

17  21 

_ 

_ 

2 

3 

_ 

_ 

2 

10 

4 

3     2 

_ 

_ 

- 

_ 

_ 

_ 

2 

12 

4 

IS     6 

_ 

4 

^ 

_ 

_ 

_ 

2 

15 

5 

4     0 

- 

_ 

1 

1 

_ 

- 

1 

;; 

1 

IS  21 

- 

_ 

1 

1 

_ 

_ 

1 

12 

3 

fi     0 

1 

1 

- 

_ 

1 

1 

2 

4 

4 

20     1 

_ 

2 

_ 

_ 

_ 

_ 

1 

10 

5 

7     0 

_ 

_ 

1 

3 

_ 

_ 

1 

1 

3 

20  21 

_ 

_ 

_ 

_ 

_ 

_ 

1 

8 

4 

S     0 

_ 

2 

- 

_ 

_ 

_ 

1 

3 

5 

21  21 

_ 

_ 

_ 

_ 

_ 

1 

3 

4 

9  22 

_ 

5 

- 

_ 

_ 

_ 

1 

8 

5 

23  21 

1 

o 

_ 

_ 

1 

2 

'> 

5 

3 

11     3 

- 

_ 

- 

_ 

_ 

- 

1 

4 

4 

24  21 

_ 

17 

_ 

_ 

-. 

_ 

2 

21 

3 

15     3 

1 

1 

- 

- 

1 

1 

2 

2 

4 

25  2] 

- 

8 

_ 

_ 

_ 

_ 

2 

29 

3 

16     0 

1 

2 

1 

1 

_ 

_ 

2 

3 

4 

26  21 

_ 

_ 

1 

2 

_ 

_ 

1 

15 

2 

17     0 

1 

4 

- 

_ 

1 

4 

3 

6 

4 

27  22 

_ 

() 

_ 

_ 

_ 

_ 

1 

33 

4 

IS  22 

- 

7 

1 

1 

_ 

- 

2 

12 

4 

29     0 

_ 

_ 

_ 

_ 

_ 

_ 

1 

25 

3 

19  21 

- 

4 

- 

_ 

_ 

- 

2 

16 

3 

30     2 

_ 

_ 

_ 

_ 

_ 

_ 

1 

20 

4 

20  21 

1 

9 

- 

_ 

_ 

- 

3 

12 

2 

30  21 

_ 

_ 

_ 

_ 

_ 

_ 

1 

19 

4 

22     3 

- 

6 

- 

- 

- 

- 

3 

22 

4 

May    2  21 

_ 

_ 

_ 

_ 

- 

_ 

1 

6 

5 

23     0 

- 

o 

- 

- 

- 

- 

3 

25 

5 

3  21 

1 

1 

_ 

_ 

1 

1 

2 

4 

4 

23  22 

- 

_ 

- 

_ 

_ 

- 

3 

18 

5 

6  21 

2 

22 

1 

3 

2 

17 

3 

23 

5 

24  21 

- 

_ 

- 

- 

_ 

- 

3 

25 

1 

7  19 

_ 

4 

_ 

_ 

_ 

_ 

3 

22 

3 

25  23 

- 

- 

- 

- 

_ 

- 

3 

12 

4 

10  21 

1 

2 

1 

1 

1 

2 

3 

13 

4 

27  22 

1 

5 

o 

9 

_ 

- 

2 

8 

;3 

11  21 

_ 

_ 

_ 

_ 

_ 

_ 

2 

10 

3 

28  23 

- 

_ 

- 

_ 

_ 

- 

1 

4 

2 

12  21 

2 

31 

_ 

_ 

_ 

_ 

4 

40 

4 

Mar.    4     4 

1 

3 

1 

4 

1 

3 

1 

3 

5 

13  22 

_ 

23 

- 

_ 

_ 

_ 

4 

63 

4 

5     0 

- 

- 

- 

- 

_ 

- 

1 

3 

3 

14  21 

_ 

_ 

- 

_ 

_ 

- 

4 

44 

3 

5  21 

2 

9 

- 

_ 

1 

1 

3 

12 

3 

15  19 

_ 

_ 

1 

2 

_ 

_ 

3 

33 

4 

7  22 

1 

8 

_ 

_ 

_ 

- 

4 

18 

6 

17  19 

_ 

_ 

2 

9 

_ 

_ 

1 

20 

5 

9  22 

- 

17 

1 

10 

_ 

- 

2 

21 

4 

IS  21 

1 

9 

_ 

_ 

1 

9 

2 

23 

4 

11  21 

- 

- 

_ 

- 

_ 

_ 

2 

14 

3 

19  21 

_ 

3 

_ 

_ 

_ 

_ 

2 

23 

3 

13     3 

_ 

_ 

_ 

_ 

_ 

_ 

2 

8 

2 

20  21 

_ 

8 

_ 

_ 

_ 

_ 

2 

24 

3 

14     5 

1 

11 

_ 

_ 

_ 

_ 

3 

21 

4 

21  22 

- 

3 

1 

4 

_ 

_ 

1 

23 

5 

15  23 

1 

1 

1 

14 

1 

1 

3 

5 

5 

22  21 

1 

() 

- 

_ 

1 

2 

2 

29 

3 

16  23 

1 

9 

- 

- 

1 

6 

4 

14 

4 

23  21 

1 

16 

- 

- 

- 

- 

3 

38 

3 
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1906 

New 

Disapp. 

Reapp. 

Total 

Def. 

1906 

New 

Disapp. 

Reapp. 

Total 

Def 

Gr.  iSpots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr.  ;  Spots 

Gr. 

Spots 

d      h 

cl       h 

May  25     3 

2 

22 

- 

- 

1 

6 

5 

62 

5 

June  11  19 

- 

1 

_ 

_ 

_ 

_ 

2 

19 

4 

25  21 

_ 

1 

_ 

_ 

_ 

_ 

5 

37 

3 

12  21 

_ 

_ 

_ 

_ 

_ 

_ 

o 

7 

4 

28  21 

- 

_ 

_ 

_ 

_ 

- 

5 

26 

2 

13  21 

1 

4 

_ 

_ 

_ 

_ 

o 

7 

4 

29  21 

- 

_ 

- 

_ 

_ 

- 

5 

22 

4 

14  23 

- 

_ 

_ 

_ 

_ 

_ 

1 

1 

'> 

31     6 

1 

20 

1 

_ 

_ 

5 

46 

5 

19  22 

2 

10 

_ 

_ 

_ 

_ 

3 

14 

5 

31  22 

- 

— 

_ 

_ 

_ 

_ 

4 

24 

3 

20  22 

1 

2 

_ 

_ 

1 

2 

3 

11 

3 

June   1  21 

1 

12 

3 

_ 

_ 

3 

30 

4 

22     4 

_ 

10 

_ 

_ 

_ 

_ 

3 

23 

5 

3     6 

1 

12 

_ 

1 

10 

4 

31 

5 

24     3 

2 

12 

1 

15 

2 

10 

4 

20 

4 

4     5 

- 

9 

1 

_ 

- 

2 

31 

3 

25  22 

•> 

16 

_ 

_ 

0 

11 

6 

28 

3 

5  23 

2 

2 

_ 

2 

2 

4 

22 

3 

27     3 

') 

38 

1 

3 

1 

1 

7 

64 

5 

8  23 

_ 

21 

4 

_ 

_ 

3 

33 

5 

27  22 

_ 

2 

_ 

_ 

_ 

_ 

7 

58 

4 

9  22 

_ 

2 

_ 

_ 

_ 

3 

24 

5 

29     2 

_ 

32 

_ 

_ 

_ 

_ 

7 

95 

5 

10  19 

- 

- 

5 

- 

- 

2 

19 

4 

30  23 

-■ 

- 

1 

2 

- 

- 

4 

44 

3 

Observed  with  6-inch  Reflector,  except  Feb.  1,  3,  4,  6,  7,  9,  11,  with  3-inch  Refractor. 
*  Observed  by  Professor  David  Todd. 


OBSERVATIONS   OF  MfNOR  PLANETS  AND   COMET  (190G  b), 

MADE   WITH    TUE    18-INCH   EQUATOUIAL    OF   THE    FLOWER   OBSERVATOI! Y, 

By  SAMUEL  G.  BARTON. 


1905-6  Wash'n  M.T. 

* 

Comp. 

Ja 

JS 

App.  a 

App.  O 

log  pA 

Red.  to  App.  PI. 

(372)  Falma. 

Dec.  26     8  58  34 

1 

30,5 

-1  51.87 

-2  19.1 

6  36     1.32 

+  55  46  56.6 

»9.772 

m9.777 

+  6.22  -12.4 

26  10  11  50 

2 

24,5 

-4  26.19 

-1  45.9 

6  35  56.64 

+  55  46  35,5 

»9.596 

«0.211 

+  6.20  -12.9 

27  17  19  49 

3 

24,5 

-3  11.00 

-2  20.0 

6  33  56.01 

+  55  38     0.5 

9.894 

0.334 

+  6.30  -12.0 

Jan.    5     9  48  22 

4 

35 , 5 

+  0  22.79 

+  3     8.9 

6  21     9.73 

+  54  22     9.6 

»9.310 

«0.262 

+  1.04  _   0.9 

5     9  48  22 

o 

35,5 

-0  26.45 

-0  41.9 

6  21      9.57 

+  .-)4  22     5.7 

»9.310 

/<0.262 

+  1.04  -   0.9 

(9)  Metis.                                                                                                    1 

Dec.  27     9  57  53 

6 

30 ,  5 

-2  25.42 

+  2  13.8 

5  32  29.16 

+  26  59     0.8  «9.142     0.315 

-f  4.49  -   5.1  I 

27  12  50  16 

7 

27,5 

-2  56.94 

-0  17.7 

5  32  20.46 

+  26  69  20.2     9.365     0..359 

+  4.4S  -   5.1  1 

Jan.    5  12  59  45 

8 

24,4 

-4  47.87 

+  0  45.2 

5  23  41.35 

+  27   16  37.6     9  519     0.423 

+  0.47  -   4.0  j 

(3)    .hnw.                                                                                                                        1 

Feb.     9  14  40     9 

9 

25,6 

-4     0.49 

+  5     7.1 

8  46     2.79 

+   4  35   14.3 

9.526 

0.720 

+  1.01   -10.2 

9  14  43  18 

10 

29  ,  6 

-5  38.78 

-0  30.3 

8  46     3.38 

+   4  35     9.1 

9.532 

0.720 

+  1.01  -10.2 

K;  12  58  54 

11 

29,5 

+  0  20.36 

-2  35.0 

8  49  54.35 

+   6  46  32.5 

9.359 

0,557 

+  1.00  -10.6 

16  12  58  54 

12 

29  ,  5 

-0  43.21 

-0  45.8 

8  49  54.37 

+  5  46  33.1 

9.359 

0.557 

+  1.00  -10.6 

(17)    Thetis.        '                                                                                          1 

Feb.  16  10     1  49 

13 

30,5 

+  0  39.37 

+4  44.2 

8  32  53.33 

+  20     S  13.8 

ftS.91I      0.475 

+  0.96  -   9.1 

16  10     1  49 

14 

30 ,  5 

-1  26.54 

+  4  46.3 

8  32  53.23 

+  20     8  13.2 

M8.911     0.475 

+  0.90  —   9.1 

23  11  26  38 

15 

30  ,  5 

+  0     1.96 

-5  33  6 

8  27  19.61 

+  20  39  58.9 

9.211     0.480 

+  1.05  -   8.1 

23  11  26  38 

16 

30  ,  5 

-0  38.48 

—  2  29.8 

8  27   19.51 

+  20  39  59.2 

9.211     0.480 

+  1.05  -  8.1 

(118)  Peltho. 

Feb.  23  15  27  29  1  17 

21  ,5 

+  4  58.43 

+  3  48.9        9  32  47.74    +28  60  45.0     9.664     0.542     +0.94  -   8.7 

23  15  27  29     18 

21,5 

+  3     5.41 

+  5  37.6        9  32  47.71     +28  50  45.0     9.664     0.542     +0.94  -   8.7 

(67)  -•(.s/ffl. 

Apr.  13  13  59  25  |  19    , 

30,6 

+  0  35.2(i   1 

+  2  27.6   1  13  36  32.43  |  -   9  43  19.3  |  9.346  |  0.815  i  +1.45  +   4.6 
(65)    Cijhele. 

Apr.  27  11  35  28     20 

30,6 

+  2  28.30 

+  1  56.8      15     3  64.48    -12  30  39.2  n9.079     0.839     +1.58  -   2.0 

27  11  35  28     21 

30,5 

-0  50.95 

+  6  34.8      15     3  64.26    -12  30  42.2  m9.079     0.839     +1.58  -   1.9 
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1900  Wash'n   M.T. 


Comp. 


Ja 


j8 


App.  a 


App.  8 


logpA 


Ked.  to  App.  PI. 


(^148)    Ga//; 


Apr.  27  14  r.i 
27   14  43 

May  11  11  2 
'  11  11  2 
11  11  4 
18  10  .58 
21  9  42 
25     9  32 


58 

22 

30  ,  5 

58 

23 

30,5 

21 

24 

24,5 

21 

25 

24,5 

4 

26 

23,5 

6 

9" 

30,5 

55 

27 

30,5 

2 

27 

311,  (i 

+  0 
-^0 
+  4 
+  3 
+  3 
+  3 
+  1 
-1 


43. 


49 


24.20 


-4 
-1 
+  2 
+  0 
+  0 
—  o 
-1 
-1 


35.4 
5.1 
46.4 
36.2 
40.4 
45.3 
20.6 
56.9 


15  22 
15  22 
15  12 
15  12 
15  12 
15  6 
15  4 
15  1 


18.95 
18.80 
27.17 
27.10 
27.31 
53.12 
36.82 
39.00 


+  17  25 
+  17  25 
+  18  29 
+  18  29 
+  18  29 
+  18  44 
+  18  46 
+  18  46 


19.3 

9.339 

0.553 

17.7 

9.339 

0.553 

57.6 

7t8.9'84 

0.510 

58.5 

«  8.984 

0.510 

59.2 

nS.96S 

0.509 

33.5 

«8.570 

0.500 

49.8 

719.207 

0.515 

23.3 

«9.164 

0.512 

+  1.40 
+  1.40 
+  1.54 
+  1.54 
+  1.54 
+  1.57 
+  1.57 
+  1.59 


-  2.9 

-  2.9 

-  0.6 

-  0.6 

-  0.6 
+  0.6 
+  1.2 
+  2.0 


May 


4  13  18  59 

28 

10  ,  10 

4  14  7  23 

29 

23,5 

11  12  59  47 

30 

10,  10 

18  14  14  24 

31 

24,5 

18  14  14  24 

32 

24,5 

25  13  46  10 

33 

11,3 

25  13  46  10 

34 

11  . 0 

-0  2.27 
—  1  51.35 
+  0  9.03 
+  6  36.18 
+  4  20.59 
+  5  57.10 
-0  31.80 


(92)    Undina. 


+  1  16.7 

-2  38.3 

+  0  45.4 

-5  22.4 

-5  23.0 

-3  28.6 


7  18.26 
7  16.98 
2  15.45 
7  40.98 
7  40.95 


15  51 


.01 


15  51     6.99 


-10  13  8.4 

8.162 

0.828 

-10  13  10.9 

9.061 

0.825 

-10  3  30.9 

8.624 

0.827 

-  9  56  19.8 

9.353 

0.815 

-  9  66  18.7 

9.353 

0.815 

-  9  52  30.6 

9.402 
9.402 

0.813 

+  1.56  + 
+  1.56  + 
+  1.68  + 
+  1.76  + 
+  1.76  + 


0.3 
0.3 
0.4 
0.5 
0.6 


+  1.83  +   0.2 
+  1.83       .    . 


Comet  (1906  b) 


Apr.  16  12  36  43 

16  13  38  30 

18  8  56  58 

18  9  47  16 

23  11  51  18 

23  12  29  2 

25  8  25  12 

25  8  25  44 

27  8  38  46 

27  8  39  15 


35 

9,10 

36 

10,10 

35 

33  ,  7 

36 

.32.7 

37 

26,6 

36 

32,5 

37 

24,5 

36 

29,5 

36 

31,6 

37 

28,6 

+  0  41.65 
-0  23.21 
+  0  35.90 
-0  28.05 
+  0  24.50 
-0  58.81 
+  0  22.03 
-1  1.30 
-1  0.66 
+  0  22.60 


+  6 
-6 

+  7 
+  2 
+  5 
+  1 
+  4 
+  2 
+  0 


11.3 
12.8 
18.9 

4.4 
27.6 
28.1 
30.6 
12.2 
52.0 

9.7 


11  20 
11  20 
11  20 
11  20 
11  20 
11  20 
11  19 
11  19 
11  19 
11  19 


38.22 
37.34 
32.46 
32.49 
1.69 
1.66 
59.20 
59.16 
59.79 
59.77 


2  29  25.9 
2  29  27.6 
2  30  18.4 
2  30  19.3 
2  28  24.2 
2  28  23.3 
2  27  27.2 
2  27  27.5 
2  26  7.3 
2  26  6.4 


9.505 

0.733 

9.595 

0.733 

«7.614 

0.726 

7.399 

0.726 

9.470 

0.733 

9.540 

0.735 

w8.837 

0.817 

W8.842 

0.817 

»8.426 

0.727 

n8.410 

0.727 

+1.11 
+  1.11 

+  1.10 
+  1.10 
+ 1.03 
+  1.03 
+  1.01 
+  1.02 
+  1.01 
+  1.01 


8.7 
8.7 
8.6 
8.6 
8.3 
8.3 
8.3 
8.2 
8.2 
8.2 


Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


6  37 
6  40 
6  37 
6  20 
6  21 
5  34 
5  35 
5  28 
8  50 
8  51 
8  49 
8  50 
8  32 
8  34 
8  27 

8  27 

9  27 
9  29 

13  35 


46.97 
16.63 

0.71 
45.90 
34.98 
50.09 
12.92 
28.75 

2.27 
41.15 
32.99 
36.58 
13.00 
18.81 
16.60 
56.94 
48.37 
41.36 
55.72 


+  55 
+  55 
+55 
+  54 
+  54 
+  26 
+  26 
+  27 
+  4 
+  4 
+  5 
+  5 
+  20 
+  20 
+  20 
+  20 
+  28 
+  28 
-  9 


49  28.1 

48  34.3 
40  32.5 
19  1.6 
22  48.5 
56  58.1 
59  43.0 
15  56.4 
30  17.4 
35  49.6 

49  18.1 
47  29.5 

3  38.7 

6  36.0 

45  40.6 

42  37.1 

47  5.1 

45  16.1 

45  51.4 


Authority 


Hels.-Goth.  A.G.  4696 
Hels.-Goth.  A.G.  4714 
Hels.-Goth.  A.G.  4691 
Camb.,U.S.,  A.G.  2504 
Camb..U.S.,  A.G.  2514 
Camb.,Eng.,A  G.  2586 
Camb..Eng.,A.G.  2592 
Camb.,Eng.,A.G.  2517 
Albany,  A.G.  3590 
Albany,  A.G.  3603 
Leipzig  II,  A.G.  4874 
Leipzigll,  A.G.  4868 
Berlin,  B,  A.G.  3453 
Berlin,  B,  A.G.  3475 
Fund.  Catal. 
Berlin.  B,  A  G.  5422 
Camb.,Eng.,  A.G.5005 
Camb.,Eng.,  A.G.5017 
Wien-Ott.,  A.G.  4869 


15  1 
15  4 
15  21 
15  21 
15  7 
15  8 
15  8 
15  3 
16 
16 
16 
16 
16 


15  45 
15  51 
11  19 
11  20 
11  19 


24.60 

43.62 

34.06 

39.42 

55.38 

48.89 

33.06 

1.70 

18.97 

6.77 

4.74 

3.04 

18.60 

8.08 

36.96 

55.46 

59.44 

36.16 


Authority 


-12 
-12 
+  17 
+  17 
+  18 
+  18 
+  18 
+  18 
-10 
-10 
-10 

-  9 

-  9 

-  9 

-  9 
+  2 
+   2 


32 

34.0 

37 

15.1 

29 

57.6 

26 

25.7 

27 

11.8 

29 

22.9 

29 

19.4 

48 

18.2 

14 

25.4 

10 

32.9 

4 

16.7 

50 

57.9 

50 

56.3 

49 

2.2 

47 

19.2 

Is 

45.9 
23.5 

26 

4.9 

Eadcliffe  1890,  3903 
Bruxelles  6065 
Berlin  A,  A.G.  5536 
Berlin  A,  A.G.  5538 
Berlin  A,  A.G.  5474 
Berlin  A,  A.G.  5483 
Berlin  A,  A.G.  5478 
Berlin  A,  A.G.  5444 
Wien-Ott.,  A.G.  5630 
Wien-Ott.,  A.G.  5643 
Wien-Ott.,  A.G.  5601 
Wien-Ott.,  A.G.  5593 
Wien-Ott.,  A.G.  5610 
Wien-Ott.,  A.G.  5518 
Wien-Ott.,  A.G.  5545 
Albany,  A.G.  4265 
Albany.  A.G.  4271 
Albany.  A.G.  4264 


1906  IvijlaruL  Pa. 
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OBSERVATIONS  OF   COMETS  AND  MINOR   PLANETS, 


MADE   AT 

THE    VASSAR 

COLLEGE    OBSERVATOKY, 

By 

MARY  W.   WHITNEY   and   CAROLINE   E.    FURNESS. 

1905-6  Greenw.  M.T. 

* 

Comp, 

z/a 

j8 

App.  a 

App. 

8 

logpA 

Red.  to  App.  PI. 

Comet  1904  e. 

1905            <i         h        E 

a        S 

m       s 

in               h        m       s         1              0        / 

1, 

1                 a                            H 

Feb.  23  14  36 

37 

1    *  6,6 

+  1     9.28 

-6  43.1 

3     5  41.05 

+  29  11 

29.3 

9.682 

0.615 

-0.04  -   2.9' 

23  14  52 

33 

1*4,4 

+  1  11.56 

-6  25.8 

3     5  43.33 

+  29  11 

46.6 

9.691 

0.631 

-0.04   -   2.9-^ 

24  14  15 

10 

2    *  8,8 

-0  20.83 

+  5  16.4 

3     8  23.02 

+  29  40 

45.7 

9.670 

0.610 

-0.05  -  2.9- 

25  13  44 

28 

3*4,4 

+  1  31.71 

-2     9.7 

3  11     4.87 

+  30  10 

0.3  1  9.644 

0.529 

-0.05  -  2.8= 

(79)  Eurynome. 

Oct.      7  13  19 

13 

4 

tio,io 

-0     9.19 

+  7  30.8 

0     0  24.14 

+   3  12 

28.2 

w9.436 

0.745     +2.99  +19  6= 

9  14  13 

15 

5 

10,10 

+  0  49.16 

+3  48.3 

23  58  58.42 

+   2  55 

17.9 

W9.224 

0.743 

+  2.98  +19.6= 

10  14  11 

11 

5 

no,  10 

+  0     8.97 

-4  26.0 

23  58  18.22 

+   2  47 

3.6 

M9.212 

0.744 

+  2.97  +19.6= 

12  13  31 

59 

6 

10,8 

-2  46.85 

+  6     5.9 

23  57     1.36 

+  2  30 

55.9 

M9.333 

0.748 

+  2.96  +19.4= 

14  13  26 

58 

7    tlO  ,  10 

+  0  14.41 

+  5  57.6 

23  55  48.99 

+   2  15 

3.7 

ra9.319 

0.750 

+  2.93  +19.5= 

(455)  Bruchsalea. 

1 

Oct.    28  14  59 

3 

8 

no,  8 

-0  16.47 

-6  21.8 

0  32  50.23 

-17  29 

16.6   «7.660 

0.879 

+2.84  +14.4= 

30  12  14 

47 

10 

10,8 

+  0  56.46 

-4  36.2 

0  32     4.22 

-17     9 

52.4 

9.466 

0.851 

+  2.83  +14.3= 

31   12  21 

31 

10 

10,8 

+  0  35.03 

+  6     4.3 

0  31  42.79 

-16  59 

12.0 

9.442 

0.854 

+  2.83  +14.2= 

Nov.    1   14  28 

58 

11 

t  5,13 

-0  22.56 

-0  47.0 

0  31  21.12 

-16  47 

16.1 

«8.483 

0.876 

+  2.83  +14.1' 

2  13     4 

6 

12 

no,  8 

-0     3.36 

-7  15.0 

0  31     5.39 

-16  36 

44.6 

«9.273 

0.866 

+  2.83  +14.1= 

(511)  Dm- id  a. 

1 

Oct.    28  16  22 

46 

13      10,8 

+  2     1.09 

+  1     4.9 

1  52     4.37 

-14  21 

34.1 

7.690 

0.864 

+  2.95  +12.8= 

30  14  37 

31 

13  no, 8 

+  0  30.35 

-1  13.3 

1  50  33.64 

-14  23 

52.5 

W9.258 

0.856 

+  2.96  +12.6= 

31  15     0 

44 

13  no, 8 

-0  16.98 

-2     0.2 

1  49  46.35 

-14  24 

39.5 

W9.110 

0.860 

+  3.00  +12.5= 

Nov.    2  15  58 

38 

14      10,9 

+  0  47.28 

+  7     8.6       1  48  20.18 

-14  25 

28.1 

7.537 

0.864 

+  2.98  +12.3' 

Comet  1905  c. 

Jan.     2  23  23 

55 

15  1     6,6 

+  0  33.94 

-7  43.4  1  17     5  .35.14  i  +   1     5 

26.9  |m9.569 

0.762  1  -1.82  +   6.6» 

1906 

(372)  Palvia. 

Jan.     4  14  12 

24 

16   j  10  ,  10 

+  1   10.58 

+  5  40.0  1    6  22  36.10  |  +54  32 
(3)  Jimo. 

39.4  j«9.613 

?i0.0o8  1  +1.32  -   6.42 

Feb.     5  13  29 

0 

17 

t  8,8 

-0  26.87 

-2     3.3       8  59  19.54 

+   3  52 

40.5  ?i9.537 

0.745 

+  0.99  -   9.7= 

6  13  26 

48 

18 

-,4 

-5  27.2           .... 

+    42 

31.2  j     .    . 

0.744 

+  1.00  -   9.8= 

6  13  34 

3 

18 

t  8,- 

-0  10.91 

...         8  58  27.79 

.    .    M9.522 

+  1.00  -  9.8= 

Comet  1906  a. 

1 

Jan.  30  18     2 

56 

19 

t  8,8 

-0  29.64 

-2  40.4  1  16  16     5.93 

+  53  42 

39.9 

M9.868 

0.620 

-1.42  -  9.9' 

Feb.  13  14  18 

10 

20 

10,8 

+  1  40.77 

-2  16.0 

14  35  43.63 

+  80  56 

9.6 

w0.404 

0.567 

-0.14  -14.1= 

15  14     8 

42 

21 

6,6 

-3  50.33 

—  9  22.6 

13     0  48.05 

+  83  58 

33.8 

wO.624 

9.910 

+  7.16  -12.4= 

16  13  37 

13 

22 

10,12 

+  0  25.95 

+  8  38.8 

11  38  28.11 

+  84  50 

37.8 

wO.682 

719.924 

+11.49  -   9.2= 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

3    4  31.81 

+  29 

18  15.3 

A.G.  Camb.(Eng.)1593 

12 

0  31     5.92 

-16°  29 

43^7 

Wash.  Zones,  2  obs. 

2 

3     8  43.90 

+  29 

35  32.2 

Micr.  Comp.  with 

13 

1  50     0.33 

-14  22 

51.8 

a              i>              a 

2 

3     6  12.43 

+  29 

28  22.4 

A.G.  Camb.(Eng.)  1598 

14 

1  47  29.92 

-14  32 

49.0 

"          "       1  obs. 

3 

3    9  33.21 

+  30 

12  12.8 

4  A.G.  Camb.  (Eng.)  1608 
!  A.G.  Leiden  1223 

15 

17     5     3.02 

+   1  13 

3.7 

A.G.  Albany  5672 

4 

0    0  30.34 

+   3 

4  37.8 

A.G.  Albany  8243 

16 

6  21  24.20 

+  54  27 

5.8 

A.G.  Camb.  (U.S.)  2511 

5 

23  58     6.28 

+   2 

51  10.0 

"       8234 

17 

8  59  45.42 

+  3  54 

53.5 

A.G.  Albany  3655 

6 

23  59  45.25 

+   2 

24  30.6 

"       8240 

18 

8  58  37.70 

+  48 

8.2 

A.G.  Albany  3647 

7 

23  55  31.65 

+  2 

8  46.6 

"       8223 

19 

16  16  36.99 

+  53  45 

30.2 

A.G.  Camb.  (U.S.)  4962 

8 

0  33     3.86 

-17 

23     9.2 

JB.D. -17'94Micr.  Comp. 
>  with  Star  9 

20 

14  34     3.00 

+  80  58 

39.7 

j  B.D.  81°48S  Greenwich 

9 

0  34     5.80 

-17 

16     6.1 

Wash.  Zones,  2  obs. 

21 

13     4  31.22 

+  84     8 

8.8 

B.D.  +84°296Gr.  Obs. 

10 

0  31     4.93 

-17 

5  30.5 

l<                «                u 

22 

11  37  50.67 

+  84  42 

8.2 

Carr.  1743 

11 

0  31  40.85 

-16 

46  43.2 

a              it              it 

•Observations  made  with  square-bar  occulting  micrometer. 
'Observer,  Mary  W.  Whitney. 


t  Ja  measured  direct. 

-Observer,  Caroline  E.  Fuuness 
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OBSERVATIONS  OF   COMETS, 

JIADE    WITH   THE    12-IN'CH    EQUATORIAL    OF   THE    MORRISON   OBSERVATORY, 

By  HERBERT   R.   MORGAN. 


1906  Glasgow  M.T. 

* 

Comp. 

Ja 

j8 

App.  a 

App.  8 

log 

pS 

Red.  to  App.  PI. 

Comet  c  1905  (Giacobini) 

Feb.  21 

1 

7 

40 

44 

1 

d6,6 

+  0"'22'l5 

+  3  53.6 

n      m       s 

.    '.    .  " 

9.639 

0.774 

-1.14  -12.8 

24 

8 

0 

46 

2 

12  ,  5 

+  3  57.68 

-1  28.7 

125    9.59 

-   9 

1  14.9 

9.646 

0.765 

-1.10  -12.7 

27 

7 

44 

50 

3 

dS  ,  6 

+  0  12.17 

+  6  57.5 

1  40  12.67 

-  T 

1  45.2 

9.631 

0.767 

-1.05  —13.0 

Comet  a  1906  (Brooks). 

Jan.  27 

16 

13 

34 

4 

18  ,  8 

+  0  48.33 

+  1     4.4 

16  18  47.14 

+48 

55  26.8 

7J9.753 

9.821 

-1.40  -   8.3 

28 

16 

17 

41 

5 

12,8 

-2  36.62 

+  1  17.4 

16  17  57.91 

+  50 

34  51.4 

w9.756 

9.478 

-1.42  -   9.1 

30 

16 

31 

44 

6 

15  ,  6 

-1  36.73 

+  3  51.3 

16  15  50.65 

+  54 

3  30.2 

n9.751 

H9.751 

-1.40  -10.0 

Feb.     2 

16 

52 

23 

7 

18,8 

+  1  12.73 

—  2  22.9 

16  10  54.76 

+  59 

38  36.7 

n9.736 

nO.282 

-1.44  -11.2 

8 

13 

51 

2 

8 

18,7 

+  2  54.98 

+  1     6.0 

15  47  47.21 

+  71 

28  21.3 

wO.133 

?i9.575 

-1.33  -13.5 

27 

9 

35 

6 

9 

15  ,  8 

+  3     4.54 

-0  24.2 

5  58  50.16 

+  69 

28  31.2 

9.838 

«0.545 

+  1.04  +   7.2 

Mar.  16 

9 

22 

54 

10 

12,10 

+0  33.58 

-3     8.8 

5  40  26.27 

+  49 

30  24.4 

9.730 

9.354 

-0.05  +   2.5 

17 

8 

26 

41 

11 

15,8 

+  0  57.01 

+  4  36.0 

5  40  31.66 

+  48 

42  34.3 

9.613 

n9.683 

-0.07  +  2.2 

20 

8 

43 

11 

12 

15,8 

+  1  17.35 

+  0  13.5 

5  41     3.53 

+  46 

23     1.1 

9.657 

9.355 

-0.13  +   1.5 

Comet  h  1906  (Schaer). 

Mar.  17 

10 

35 

55 

13 

rf6  ,  7 

-0     5.43 

-0  18.5 

11  29  51.67 

+  2 

0  30.5 

M9.166 

0.727 

+  1.19  -   8.7 

20 

10 

4 

13 

13 

12  ,  6 

-1  20.07 

+  4     7.7 

11  28  37.04 

+  2 

4  56.6 

«9.258 

0.727 

+  1.20  -  8.8 

21 

10 

16 

25 

13 

13,6 

-1  44.92 

+  5  36.8 

11  28  12.20 

+  2 

6  25.7 

n9.179 

0.727 

+  1.21  -  8.8 

Apr.  16 

8 

IS 

48 

14 

(Z6,6 

-0     5.00 

4-0  39.0 

11  20  39.56 

+  2 

29  36.5 

«9.216 

0.723 

+  1.11  -   8.7 

17 

8 

36 

16 

14 

do  ,4 

-0  12.92 

+  0  41.9 

11  20  31.63 

+  2 

29  39.4 

719.220 

0.723 

+  1.10  -   8.7 

18 

8 

9 

3 

14 

do  ,4 

-0  19.85 

+0  43.3 

11  20  24.69 

+  2 

29  40.9 

W9.225 

0.723 

+  1.09  -  8.6 

20 

10 

50 

43 

14 

12,6 

-0  32.13 

+  0  28.3 

11  20  12.39 

+  2 

29  26.0 

9.214 

0.723 

+  1.07  -   8.5 

21 

8 

12 

9 

14 

12,7 

-0  35.76 

+  0  14.2 

11  20     8.75 

+  2 

29  11.9 

«9.218 

0.723 

+  1.06  -  8.5 

24 

9 

19 

2 

14 

12  ,  6 

-0  44.36 

-0  55.0 

11  20     0.12 

+  2 

28     2.9 

8.185 

0.723 

+  1.03  -   8.3 

Comet  c  1906  (Ross). 

Mar.  19 

7 

40 

55 

16 

18  ,7 

-0     7.21 

-4  43.0 

2     9  31.37 

—  5 

47  23.5 

9.655 

0.754 

-1.10  -12.7 

21 

7 

41 

17 

17 

12  ,6 

-3  33.31 

-3  34.2 

2  16     3.86 

-3 

35  21.5 

9.654 

0.751 

-1.07  -12.5 

22 

7 

40 

0 

18 

15,8 

-0  45.70 

-6  12.6 

2  19     3.66 

_2 

32  28.8 

9.654 

0.750 

-1.07  —12.2 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

8 

Authority 

* 

a 

s 

Authority 

1 

h       m        s 

O               /                11 

B.D.  -11°228 

10 

5"  39"'52°74 

+  49  33  30.7 

Bonn,  A.G.  Cat. 

2 

1  21  13.01 

-  8  59  33.5 

Vienna,  A.G.  Cat. 

11 

5  39  34.72 

+  48  37  56.1 

Bonn,  A..G.  Cat. 

3 

1  40     1.55 

-   7     8  29.7 

Vienna,  A.G.  Cat. 

12 

5  39  46.31 

+  46  22  46.1 

Bonn,  A.G.  Cat. 

4 

16  18     0.21 

+  48  54  30.7 

Bonn,  A.G.  Cat. 

13 

11   29  55.91 

+   20  57.7 

Albany,  A.G.  Cat. 

5 

16  20  35.95 

+  50  33  43.1 

Harvard,  A.G.  Cat. 

14 

11  20  43.45 

+   2  29     6.2 

c.f.  with  5|cl5 

6 

16  17  28.78  1  +53  59  48.9 

Harvard,  A.G.  Cat. 

15 

11  20  59.44 

+   2  23  23.5 

Albany,  A.G.  Cat. 

7 

16     9  43.47 

+  59  41  10.8 

Hels.&GothaA.G.Cat. 

16 

2     9  39.68 

-   5  42  27.8 

Warsaw  Cat. 

8 

15  44  53.56 

+  71  27  28.8 

<  Green,  .\stro.  Photographic  Cat.  i 

17 

2  19  38.24 

-  3  31  34.8 

Warsaw  Cat. 

9 

5  55  44.58 

+  69  28  48.2 

Christiania,  A.G.  Cat. 

18 

2  19  50.43 

-  2  26     4.0 

Warsaw  Cat. 

OBSERYATIOXS   OF   THE    SATELLITE   OF  NEPTUNE  AT    THE    OPPOSITION^ 

OF   1905-1906, 

MADE    WITH   THE   26-INCH   EQUATORIAL   AT   THE    U.S.    NAVAL    OBSERVATORY, 

By  J.   C.  HAMMOND. 
rCommunicated  by  Rear-Admiral  Asa  Walker,  U.S.N.,  Superintendent.] 


In  the  following  observations,  the  settings  in  position- 
angle  were  made,  half  before  and  half  after,  the  measure- 
ments  in   distance,   unless    clouds    prevented.      The   po- 


sition-angle of  the  micrometer  in  measuring  the  distance 
was  the  mean  of  the  first  set  of  position-angles.  This 
never  differs  by  as  much  as  one  degree  from  the  final  mean, 
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and  the  correction  to  the  distance  for  an  error  of  this 
amount  in  the  position-angle  is  inappreciable. 

On  certain  nights,  when  the  seeing  was  good,  observa- 
tions were  made  both  east  and  west  of  the  meridian  to 
eliminate  as  far  as  possible  errors  due  to  the  position  of 
the  observer. 

A  magnifying  power  of  000  was  used  for  the  first  four 


measures,  and  400  for  all  the  remaining  ones.  Corrections 
have  been  applied  for  differential  refraction  and  for  the 
effect  of  the  instrumental  constants. 

The  computed  positions,  with  which  the  comparisons 
are  made,  were  derived  from  data  given  in  the  Connais- 
sance  des  Temps. 


Date 

Wash.  M.T. 

Positioi 

Pa 

-Angle 

Wash.  M.T. 

Dist 

So 

ance 

Comp. 

0- 

-C 

Seeing 

19«5 

Oct.  29 

13 

34 

5 

343!64 

342°85 

13  34 

31 

11  "36 

11.34 

6 

6 

+  0J9 

+  0."o2 

Good 

30 

13 

23 

44 

283.48 

284.11 

13  23 

15 

16.52 

16.30 

6 

6 

-0.63 

+  U.22 

Excellent 

Nov.    1 

12 

40 

35 

162.36 

164.34 

12  41 

38 

11.46 

11.30 

6 

6 

-1.98 

+  0.16 

Poor 

1906 

Jan.     5 

11 

49 

31 

136.46 

136.94 

11  49 

18 

12.77 

13.17 

7 

6 

-0.48 

-0.40 

Fair 

6 

10 

15 

7 

91.10 

91.77 

10  15 

33 

16.68 

16.90 

6 

8 

-0.67 

—  0.22 

Good 

16 

9 

30 

54 

208.03 

209.35 

9  31 

50 

11.57 

11.82 

6 

6 

-1.32 

-0.25 

Fair 

18 

11 

35 

46 

78.17 

79.21 

11  36 

12 

16.01 

16.36 

6 

6 

-1.04 

-0.35 

Good 

24 

8 

39 

47 

78.17 

79.13 

8  31 

53 

16.13 

16.36 

6 

6 

-0.96 

-0.23 

Fair 

24 

10 

40 

3 

74.06 

75.49 

10  40 

20 

15.85 

16.04 

6 

6 

-1.43 

-0.19 

Fair 

28 

10 

41 

8 

184.01 

183.32 

10  42 

0 

10.93 

11.06 

8 

8 

+  0.69 

-0.13 

Fair 

29 

8 

22 

25 

115.24 

116.93 

8  22 

55 

15.16 

15.10 

8 

8 

-1.69 

+  0.06 

Excellent 

29 

11 

30 

46 

109.93 

110.68 

11  30 

45 

15.64 

15.75 

8 

8 

-0.75 

-0.11 

Excellent 

31 

8 

30 

13 

5.73 

6.11 

S  30 

59 

11.43 

11.06 

8 

8 

—  0.38 

+  0.37 

Fair 

31 

10 

46 

38 

355.88 

357.29 

10  44 

38 

11.34 

11.06 

8 

8 

-1.41 

+  0.28 

Good 

Feb.  11 

7 

10 

7 

63.51 

64.87 

7  11 

27 

14.73 

14.92 

8 

9 

-1.36 

-0.19 

Good 

13 

7 

10 

53 

284.31 

284.95 

7  10 

48 

16.43 

16.15 

8 

9 

-0.64 

+  0.28 

Fair 

13 

10 

21 

10 

278.23 

279.38 

10  27 

4 

16.56 

16.52 

5 

8 

-1.15 

+  0.04 

Excellent 

16 

7 

38 

40 

100.01 

101.50 

7  39 

56 

16.00 

16.37 

8 

8 

-1.49 

-0.37 

Excellent 

16 

9 

28 

18 

96.87 

98.34 

9  28 

43 

16.61 

16.54 

8 

8 

-1.47 

+  0.07 

Excellent 

17 

7 

34 

31 

56.02 

57.38 

7  34 

20 

13.96 

14.08 

8 

8 

-1.36 

-0.12 

Excellent 

19 

7 

39 

2 

277.30 

278.92 

7  39 

44 

16.49 

16.49 

8 

8 

-1.62 

0.00 

Poor 

23 

7 

23 

58 

48.45 

50.53 

7  24 

49 

13.. 36 

13.35 

8 

10 

-2.08 

+  0.01 

Fair 

23 

9 

53 

54 

42.83 

43.68 

9  54 

10 

12.92 

JO  72 

8 

8 

-0.85 

+  0.20 

Fair 

24 

9 

49 

46 

318.51 

319.79 

9  49 

34 

12.46 

12.59 

8 

8 

-1.28 

-0.13 

Fair 

25 

7 

9 

39 

273.28 

274.72 

7  20 

13 

16.88 

16.60 

4 

9 

-1.44 

+  0.28 

Fair 

25 

9 

34 

32 

269.68 

270.67 

9  33 

3 

16.21 

16.64 

8 

8 

-0.99 

-0.43 

Fair 

Mar.    6 

8 

10 

52 

84.43 

85.55 

8  11 

59 

16.47 

16.47 

9 

9 

-1.12 

0.00 

Good 

10 

8 

13 

52 

205.20 

205.58 

8  14 

10 

11.41 

11.43 

8 

8 

-0..38 

-0.02 

Good 

20 

8 

0 

55 

294.46 

295.40 

8     1 

38 

15.02 

14.83 

8 

10 

-0.94 

+  0.19 

Fair 

23 

8 

25 

48 

111.08 

111.00 

8  25 

58 

14.86 

15.19 

10 

9 

+  0.08 

-0.33 

Fair 
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1905  Wash'n 

M.T. 

* 

Comp. 

Ja 

JB 

App.  a 

App.  8 

logpA             Red.  to  App.  PI. 

ij 

(30)    Urania. 

1         II     \        h       m        s 

Aug.     3 

12 

40" 

1 

1 

25  ,  5 

+ 1"  54.80 

+ 

0  39.7 

21  43     7.06 

-13°    1'  12^8 

«8.475 

0.839 

+  2.63  +18.4 

3 

13 

2 

14 

2 

25,5 

+  2  25.23 

— 

3  32.6 

21  43     6.31 

-13     1  17.6 

8.197 

0.839 

+2.63  +18.4 

18 

12 

7 

8 

3 

20,4 

+  1   13.11 

— 

2  15.9 

21  28  44.02 

-13  53  23.3 

8.726 

0.843 

+  2.79  +18.7 

18 

12 

23 

34 

4 

20,4 

+  1     4.19 

_ 

0  58.1 

21  28  43.38 

-13  53  24.9 

8.938 

0.842 

+  2.79  +18.7 

18 

12 

41 

33 

5 

25,5 

-0  26.04 

+ 

0  35.5 

21  28  42.61 

-13  53  27.3 

9.089 

0.840 

+  2.79  +18.8 

21 

11 

17 

3 

6 

25,5 

+  2  59.35 

+ 

2  35.3 

21  25  51.10 

-14     3  40.2 

«8.293 

0.845 

+  2.80  +18.7 

(1)   Ceres. 

Aug.  21 

12 

34 

39 

7 

25,5 

+  0  54.89 

+ 

0  26.5 

23  28  58.46 

-20  13  15.5 

n9.002 

0.873 

+  2.56  +20.0 

26 

13 

43 

53 

s 

21,7 

+  0  28.03 

+ 

2     3.0 

23  25  18.49 

-20  47     8.5 

8.906 

0.877 

+  2.65  +20.1 

26 

14 

11 

26 

9 

30,6 

+  1  46.58 

— 

7     1.6 

23  25  17.55 

-20  47  15.7 

9.140 

0.874 

+  2.65  +20.1 

29 

11 

46 

23 

10 

30,6 

+  2     6.53 

+ 

1  49.2 

23  23     2.59 

-21     5  50.0 

«9.142 

0.875 

+  2.70  +20.1 

29 

12 

15 

4 

11 

30,6 

+  1  55.54 

+ 

3  25.9 

23  23     1.65 

-21     5  58.0 

?uS.896 

0.879 

+  2.70  +20.1 

29 

12 

42 

1 

12 

30,6 

-1  57.38 

- 

0  27.5 

23  23     0.74 

-21     6     6.3 

n8.329 

0.880 

+  2.69  +20.1 

(84)  Klio. 

Aug.  23 

12 

7 

27 

13 

30,6 

+  1  31.59 

+ 

3  50.2 

22  54     5.79 

-   3  35  32.1 

M8.894 

0.772 

+  2.72  +18.9 

26 

11 

42 

58 

14 

25,5 

+  1  43.59 

+ 

0  23.1 

22  51     9.89 

-   3  20  49.5 

»8.989 

0.769 

+  2.75  +19.3 

26 

12 

0 

21 

15 

30,6 

+  0  21.50 

_ 

0  14.1 

22  51     9.00 

-  3  20  47.5 

K8.801 

0.770 

+2.75  +19.3 

26 

12 

30 

23 

16 

29,6 

-1     4.71 

— 

1  39.7 

22  61     7.62 

-  3  20  41.6 

?i7.500 

0.770 

+  2.75  +19.2 

31 

11 

16 

57 

17 

25,5 

+  1     1.01 

— 

0  12.4 

22  46     2.29 

-   2  58  24.4 

?i8.999 

0.766 

+  2.80  +19.6 

31 

11 

33 

27 

IS 

25,5 

+  0  35.80 

- 

2  59.9 

22  46     1.48 

-  2  58  20.4 

M8.829 

0.767 

+  2.80  +19.6 

(444)   Gi/ptis. 

Sept.    7 

12 

41 

21 

19 

29.6 

+  1  40.08 

— 

1   40.8 

23     1  31.29 

+   3  33  56.8 

8.964 

0.705 

+  2.86  +19.8 

7 

13 

0 

17 

20 

25  ,  5 

+  0  48.70 

— 

3  13.5 

23     1  30.79 

+   3  33  50.6 

9.110 

0.706 

+  2.87  +19.8 

9 

14 

17 

10 

21 

25  ,  5 

+  1  27.72 

+ 

0  29.6 

23     0     7.55 

+   3  13  55.8 

9.449 

0.715 

+  2.87  +20.1 

9 

14 

51 

4 

22 

30,6 

-2  45.77 

— 

0  38.8 

23     0     6.39 

+   3  13  41.3 

9.521 

0.718 

+  2.87  +20.0 

14 

11 

09 

54 

23 

25  , 5 

—  2  12.92 

+ 

5  58.7 

22  56  54.03 

+  2  24  56.9 

M6.397 

0.716 

+  2.88  +20.2 

14 

11 

43 

54 

24 

25,5 

-0  49.12 

+ 

7  21.0 

22  56  53.27 

+   2  24  47.6 

8.621 

0.716 

+  2.88  -1-20.3 

(21)   Lutetia. 

Sept.  21 

11 

44 

10 

25 

30,6 

-2  36.52 

+ 

4  13.3 

0  45  57.75 

-   1  12  56.8 

?i9.075 

0.751 

+  2.86  +17.2 

21 

12 

15 

2 

26 

30,6 

-0  31.14 

— 

10  12.8 

0  45  56.68 

-   1  13     2.8 

?(8.765 

0.751 

+  2.86  +17.3 

23 

11 

15 

39 

27 

30,6 

+  2  31.90 

_ 

2  25.1 

0  44  17.09 

-   1  23  21.3 

«9.190 

0.752 

+  2.88  +17.6 

26 

11 

19 

0 

28 

30  .  6 

+  0  43.58 

+ 

2  56.2 

0  41  39.58 

-   1  39     4.4 

«9.084 

0.755 

+  2.91  +17.7 

26 

11 

37 

31 

29 

30.6 

-0  44.10 

+ 

1     6.5 

0  41  38.93 

-   1  39     4.1 

;i8.930 

0.755 

+  2.90  +17.7 

27 

12 

7 

12 

30 

30  ,  6 

-1  28.01 

+ 

1   34.0 

0  40  44.22 

-    1   44   19.4 

M8.218 

0.756 

+  2.91  +17.7 

(455)   Briirhsolln. 

1 

Oct.      3 

12 

0 

16 

31 

23,5 

-1  50.96 

_ 

5  10.7 

0  50  39.39 

-19  55  21.6 

nl.etOO 

0.875 

+  2.82  +17.0 

3 

12 

21 

52 

32 

20,4 

-1   13.07 

+ 

1  52.4 

0  50  38.36 

-19  55  21.3 

8.631 

0.875 

+  2.82  +17.0 

6 

11 

28 

35 

33 

21,7 

+  0  39.10 

+ 

6     2.9 

0  48     2.86 

-19  49  55.1 

«8.601 

0.874 

+  2.84  +16.8 

(95) 
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Mean  Places 

of  Comparison- Stars  for  the  beginning 

of  the 

year. 

* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

21  41     9.63 

-13     2  10.9 

Camb.,U.S.,A.G.Zones 

18 

22  45  22.88 

_  2 

55  40.1    Strassburg,  A.G.  Zones 

9 

21  40  38.45 

-12  58     3.4 

U                  (I             «                i< 

19 

22  59  48.35 

+   3 

35  17.8 

Albany,  A  G.  7963 

3 

21  27  28.12 

-13  51  26.1 

1  s  Wasli'n.  r  S..  A.C.  Zones  > 

20 

23     0  39.22 

+   3 

36  44.3 

•'     7969 

4 

21  27  36.40 

-13  52  45.5 

21 

22  58  36.96 

+   3 

13     6.1 

"     7955 

5 

21  29     5.86 

-13  54  21.6 

a      i(      a       u 

22 

23     2  49.29 

+   3 

14     0.1 

"     7979 

6 

21  22  48.95 

-14     6  34.2 

Wash.,U.S.,A.G.Zones 

23 

22  59     4.07 

+   2 

18  38.0 

"     7959 

7 

23  28     1.01 

-20  14     2.0 

Algiers,  A.G.  Zones 

24 

22  57  39.51 

+   2 

17     6.3 

"     7949 

8 

23  24  47.81 

-20  49  31.6 

u              I.              a 

25 

0  48  31.41 

—   1 

17  27.3 

Nicolajew,  A.G.  164 

9 

23  23  28.32 

-20  40  34.2 

a                a               « 

26 

0  46  24.96 

—    1 

3     7.3 

'«      154 

10 

23  20  53.36 

-21     7  59.3 

t<                l(               u 

27 

0  41  42.31 

—   1 

21  13.8 

"      136 

11 

23  21     3.41 

-21     9  44.0 

((                (f               If 

28 

0  40  53.09 

—   1 

42  18.3 

"      132 

1? 

23  24  55.43 

-21     5  58.9 

«               a             «.• 

29 

0  42  20.13 

—   1 

40  28.3 

"      140 

13 

22  52  31.48 

-  3  39  41.2 

Strassburg,  A.G.  Zones 

30 

0  42    '9.32 

—   1 

46  11.1 

"      139 

14 

22  49  23.55 

-   3  21  31.9 

i<                        u                 « 

31 

0  52  27.53 

-19 

50  27.9 

Algiers,  A.G.  Zones 

15 

22  50  44.69 

-   3  20  52.7 

a                 u            u 

32 

0  51  48.61 

-19 

57  30.7 

"           "         " 

16 

22  52     9.58 

-  3  19  21.1 

n                 u            u 

33 

0  47  20.92 

-19 

56  14.8 

"           "         " 

17 

22  44  58.48 

-  2  58  31.6 

"                 "            " 

The  star  places  from  the  Algiers,  Strassburg,  and  Cambridge  (U.S.)  Zones,  were  furnished  through  the  courtesy  of    the    Directors 
of  the  Observatories  at  these  places. 


OBSERYATIOXS   OF  THE    SIXTH   SATELLITE   OF   JUPITEB, 

MADE   \VITII    THE    26-IXCH    EQUATOHIAL   AT   THE    U.S.  XAVAI.   OBSEKVATQr.Y , 

By  HERBERT  L.  RICE. 

[Communicated  by  Rear-Admiral  Asa  Walker,  U.S.N. ,  Superintendent.] 


1905  Wash'n  M.T. 

* 

Comp. 

Ja 

j8 

App.a 

App.  8 

logi^A 

Red.  to  App.  PI. 

Oct.  21  13"  17""  6^ 

0 

7  ,  6 

+  17!69 

+3    5.7 

4  11     0.44 

+  19°  55     7"8  1  ?i9.053 

0.462 

+  3.30    +2.1 

29  12  39     0 

3 

9,  11 

+  13.09 

+5  19.1 

4     8  18.23 

+  19  42  19.2 

W9.083 

0.468 

+  3.46   +2.6 

30  12  22     7 

3 

9  ,9 

-  9.24 

+  3  38.8 

4     7  55.92 

+  19  40  38.9 

W9.167 

0.474 

+  3.48   +2.6 

31  12     6  21 

4 

9  ,8 

+  15.09 

-0  20.9 

4     7  33.46 

+  19  38  58.8 

n9.230 

0.480 

+  3.51   +2.7 

Nov.    1  11  58  32 

4 

9,7 

-   8.16 

-2     3.5 

4     7  10.23 

+  19  37  16.3 

W9.247 

0.482 

+  3.53   +2.8 

22  15  20  18 

5 

10  ,  7 

-   1.26 

-5  14.2 

3  57  54.21 

+  19     0  35.7 

9.582 

0.583 

+  3.83   +4.2 

Dec.     4  13  59  15 

7 

9  ,  10 

+  5.66 

+  2     7.7 

3  52  30.13 

+  18  41  50.2 

9.534 

0.563 

+  3.92   +4.9 

26     8  31  49 

9 

10  ,  6 

-   8.97 

+  5  19.1 

3  44  36.06 

+  18  19     2.5 

?i9.045 

0.495 

+  3.92   +5.4 

The  quantities  Ja  were  all  measured  with  the  micrometer. 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

8 

Authority 

* 

a 

8                                Authority 

1 

2 
3 
4 
5 

4"  11"  18^02 
4  10  39.45 
4     8     1.68 
4     7  14.86 
3  57  51.64 

+  19  42  42.0 
+  19  52     0.0 
+  19  36  57.5 
+  19  39  17.0 
+  19     5  45.7 

(,  Tlirep  observations  (Dec.   mu)  on 
i  Wash.  Wnch  Transit  Clrole 

Fm.  1,— 0'"38«.57+9'lS".0 

Fm.  1,— 3"'16«.34— r.'44".5 

Fm.  1,-4'"  3«.16— 3'2.5".0 
4 Tliree  observations  (I>ee.  1005)  on 
}  Wash,  u-incli  Transit  Circle 

6 

7 
8 
9 

3  51  33.06 
3  52  20.55 
3  46  55.67 
3  44  41.11 

+  18  33  53.2 
+  18  39  37.6 
+  18  18  49.9 
+  18  13  38.0 

Berlin  A,  A.G.  1052 

Fm.  6,  +0">  47».49  +5'  44".4 

Berlin  A,  A.G.  1027 

Fm.  8,  — 2""  14«.56  — 5' 11".9 

Star  No.  1  is  B.D.  +19°687  (8".5)  =  Berlin  A,  A.G.  1119  ;  Its  catalogue  position  was  not  used,  however,  owing  to  an  indication 
of  proper  motion.  No.  4  is  the  north,  following  component  of  the  double  star,  B.D.  +19'^074  (9".l).  Xo.  5  is  B.D.  +18^575  (O^.o). 
No.  7  is  the  north,  following  component  of  B.D.  +18°56o  (9>'.5). 

The  values  of  Ja  and  JS  in  the  columns  "Authority"  are  reduced  to  1005.0. 
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OBSERVATIONS   OF    THE   CRATER   LIXNE  DURINU    THE    LUXAR    ECLIPSE 

OF   FEBRUARY   8,   1906, 

Bv  WILLIAM  n.  nCKEKING. 


In  the  Astvonomiea!  Journal,  No.  587,  p.  87,  there  are 
given  some  interesting  measurements  of  the  diameter  of 
the  white  spot  surrounding  Linne,  by  Mr.  Joel  Stkbbins, 
showing  its  apparent  change  in  size  as  affected  by  the  pas- 
sage of  the  Earth's  sliadow.  Unfortunately  the  observa- 
tions were  neither  begun  early  enough,  nor  continued  long 
enough,  to  show  the  phenomenon  completelj',  but  as  far  as 
they  go  it  may  be  of  interest  to  compare  them  with  the 
longer  series  made  at  the  same  time  by  Mr.  Fkost,  at  Are- 
quipa.  Harvard  Circular,  No.  113. 

The  two  observers  used  telescopes  of  practically  the 
same  aperture,  but  Mr.  Frost  had  apparently  more  trouble 
from  clouds.  It  was  at  first  a  little  puzzling  to  make  the 
comparison,  since  most  of  Mr.  Stebbins's  earlier  obser- 
vations, on  the  night  in  question,  were  made  according  to 
his  own  figures,  at  a  time  when  the  Moon  was  totally 
eclipsed.  This  is  impossible,  since  Linni  would  then  have 
been  invisible.  Totalitj'  began  according  to  the  American 
Ephemeris  at  18''  58",  G.M.T.,  and  Mr.  Stebbins'.s  obser- 
vations extended  from  IS""  52"  to  19''  29™.  In  what  follows, 
I  have  assumed  that  he  made  a  mistake  of  one  hour  in  his 
earlier  chronometer  readings.  It  is  to  be  regretted  that 
he  did  not  record  the  hour  and  minute  when  the  shadow 
reached  and  left  Linni.  This  would  have  served  as  a 
check,  and  also  have  been  useful  in  the  reductions,  for  com- 
parison with  the  results  of  other  years. 


1 

A 

/ 

J 

^^ 

V  * 

^ 

"^ 

The  curves  on  the  left  of  the  figure  represent  the  obser- 
vations before  totality ;  those  on  the  right  the  observations 
after  Linne  had  reappeared  from  the  shadow.  The  ab- 
scissas represent  Greenwich  Mean  Time,  and  the  ordinates 
the  observed  diameter  of  the  spot  in  seconds  of  arc.  The 
upper  lines  represent  Mr.  Frost's  observations ;  the  lower, 
Mr.  Stebbins's.  Mr.  Frost's  measures  were  made  in  the 
usual  way,  by  placing  the  spot  between  the  micrometer 


threads.  Mr.  Stebbins's  measures,  on  the  other  hand,  were 
obtained  bj^  the  method  that  I  have  recommended  in  such 
cases,  of  placing  the  spot  to  one  side  of  the  two  threads. 
This  method  has  been  found  in  my  own  case  to  give  results 
about  0".5  smaller  than  the  other,  when  applied  to  small 
bright  disks  on  a  dark  background.  Measures  of  artificial 
disks  have  shown  that  the  true  value  lay  between  the  re- 
sults obtained  by  the  two  methods.  Mr.  Frost  expressed 
considerable  doubt  of  the  value  of  his  last  measure  made 
before  totality,  on  account  of  the  density  of  the  intervening 
cloud.  It  has  therefore  been  joined  to  the  others  by  a 
dotted  line. 

Mr.  Stebbins  thinks  that  his  later  measures  were  larger 
than  his  earlier  ones  because  the  seeing  was  inferior. 
This  at  first  sight  might  seem  plausible,  but  a  series  of 
eighty-five  measures,  divided  into  seventeen  groups,  and 
taken  on  five  different  nights,  under  varying  atmospheric 
conditions,  shows  that  for  a  small  bright  artificial  disk  seen 
against  a  dark  background,  the  poorer  the  seeing  the  smaller 
will  the  disk  appear  {Annals  Harrard  Observatory,  XXXII, 
136).  If,  therefore,  Mr.  Stebbins  is  certain  that  the  see- 
ing after  totality  was  inferior  to  that  before  it,  then  the 
difference  in  size  of  the  spot  before  and  after  totality  must 
really  have  been  greater  even  than  his  measures  would  in- 
dicate. I  do  not  think,  therefore,  that  his  explanation  of 
his  results  will  hold,  and  if  he  is  not  satisfied  with  the 
hoar-frost  explanation,  I  should  be  very  glad  if  he  would 
suggest  a  more  satisfactory  one. 

He  explains  the  smalluess  of  his  last  measure  as  due  to 
prejudice  on  his  part,  because  he  found  his  later  results 
were  larger  than  he  expected.  Here,  I  think,  he  does  him- 
self an  injustice.  Judging  by  Mr.  Frost's  measures,  the 
diminution  in  size  is  just  about  the  amount  that  would 
naturally  have  been  reached  at  that  time.  It  is  a  pity  he 
did  not  continue  his  observations  a  few  minutes  longer,  as 
it  would  have  added  materially  to  their  value. 

The  enlargement  of  the  spot  surrounding  Linne  after 
the  passage  of  totality  has  now  been  recorded  by  six  diifer- 
ent  observers,  each  working  at  a  different  observatory, 
several  of  them  being  originally  prejudiced  against  it 
(Poj/ular  Astronomi/,  1906,  XIV,  4),  and  it  would  seem 
might  now  be  accepted  as  fairly  well  confirmed.  The 
variation  in  size  of  the  spot  in  the  ordinary  course  of  a 
lunation,  has  been  noted  by  several  observers,  and  is  in- 
deed so  large  that  it  hardly  requires  further  confirmation 
(^Annals  Harvard  Ohservntonj,  XXXII,  207). 
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SUNSPOT   OBSEKYATIONS, 

made  at  bekwyn  pexn.,  with  a  4j-in0n  kefuactok, 
By  a.  W.  QUIMBY. 
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OBSERVATIONS   OF   SUNSPOTS, 

MADE    AT    BOSTON    UNIVEKSITY    WITH   A   5-INCIl    REFRACTOR, 

By  G.  G.  BULFINCH  and  H.  O.  COLE. 
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EPHEMEEIS  OF  HOLMES'S  COMET  (fiooe). 
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33  23 

50 

41.2 

0.2913 

31  38 

51 

10.8 

0.2871 

29  13 

+  51 

37.2 

0.2834 

1906 


App.  8 


App.  S 


Oct. 

28 

4 

26  10 

+  51  59.9 

0.2803 

Nov. 

1 

22  33 

52  18.4 

0.2778 

5 

18  24 

52  32.4 

0.2760 

9 

13  49 

52  41.5 

0.2748 

13 

8  54 

52  45.3 

0.2745 

17 

4 

3  45 

52  43.7 

0.2750 

21 

3 

58  30 

+  52  36.6 

0.2764 
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OBSERVATIONS  OF  THE   SATELLITE   OF  NEPTUNE  IN   THE  YEARS  1905-06, 

.MADE    WITH   THE    40-lNCH   REFRACTOR    OF   THE    YEKKES    OBSEKVATOR V, 

By  E.  E.  BARNARD. 


When  I  first  began  these  observations  of  the  Satellite  of 
Nejitune  in  1893,  this  object  had  been  much  neglected. 
It  was  my  endeavor  to  remedy  this  defect  as  much  as  pos- 
sible by  frequent  observations  each  year  throughout  the 
visibility  of  Neptvne.  The  measures  have  been  kept  up 
until  the  end  of  the  season  of  1905-6  as  faithfully  as  con- 
ditions and  opportunity  would  permit. 

Unless  it  is  thought  desirable  by  those  interested  in  the 
planet,  I  shall  not  be  able  to  continue  the  work  systemati- 
cally any  longer. 

The  present  observations  are  a  continuation  of  those 
referred  to  above. 

The    previous   measures   have  all   been   printed  in  the 


1905  Dec.  9  16  44  35 
16  50  3 
16  53  57 

341.68 

11.65 
11.57 

6 
4 
4 

16  14  53  42 

277.84 

7 

19  11  9  28 
11  18  11 
11  27  2 

102.60 

16.90 
17.24 

6 
5 

5 

23  15  21  15 
15  26  42 
15  30  24 

223.97 

13.44 
13.26 

6 
5 
5 

26  11  1  18 
11  7  4 
11  10  36 
11  18  33 

52.45 
53.12 

14.06 
13.92 

6 
4 
4 
6 

30  13  46  21 
13  51  24 
13  54  37 

137.18 

12.97 
13.09 

6 
4 
4 

1906  Jan.  23  11  26  28 
11  32  19 
11  36  55 

115.45 

15.90 
16.09 

4 
5 

Feb.  6  12  10  15 
12  14  5 
12  16  37 

337.87 

11.18 
11.67 

6 
4 
4 

27  9  49  21 
9  54  50 
9  57  46 

132.00 

13.30 
13.50 

7 
4 
4 

Mar.  20  9  12  8 
9  17  20 
9  20  45 

290.16 

15.]'9 
14.91 

6 
4 
5 

Apr.  17  7  27  40 
7  31  38 
7  .-U  20 

41.19 

12.01 
12.04 

6 
5 
5 

14, 

1' 

10 

15, 

P 

41 

19, 

V 

25 

20, 

P 

41 

22, 

P 

27 

23, 

P 

105 

25, 

P 

41 

Astronomical  Journal.     The  following  references  will  indi- 
cate where  they  can  be  found. 

Observations  of  1893-1894.  A.J.,  Vol.  14,  p. 
1894-1895. 
1897-1898, 
1898-1899, 
1899-1900, 
1901-1902  and  1902-1903, 
1903-1904, 

On  1904  December  10,  Neptune  was  compared  in  the 
4-inch  finder  with  the  star  BD.  +22°1408,  which  is  given 
as  7.8  magnitude.  Neptune  was  \  magnitude  less  than  the 
star.     This  would  make  the  planet  8.0  magnitude. 

The  observations  of  the  satellite  follow: 

Excessively  bad  seeing 


Clouded  over  before  distances  could  be  measured 
Telescope  swaying  badly 


Seeing  very  bad 

The  second  set  of  position-angles  best 


Seeing  poor 

Seeing  excessively  bad 


Terkes  Ohservalori/,   1900  Jidy  18. 
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OBSERVATIONS   OF   THE   SATELLITES   OF   JUPITER  IN   1905-06, 

MADE    WITH    TUK    r2-IN0U    EyUATOKIAL    AT   THE    U.S.    NAVAI^   OESERVATOKY, 

Hv  HERBERT  L.  RICE. 
[Communicateil  by  Rear-Admiral  Asa  Walkek,  U.S.N.,  Superintendent.] 


Positiou-augles  were  always  taken  about  the  inner  satel- 
lite of  each  pair.  In  general,  the  observations  in  p  con- 
sist  of   eight   settings,   half    before   and   half  after   the 


measurements  in  distance.  The  latter  also  comprise  eight 
measurements,  four  on  each  side  of  coincidence.  Briglit  wire 
illumination  was  employed  throughout  the  entire  series. 


No. 

Date 

Wash.  M.T. 

P 

Wash.  M.T. 

s 

No. 

Date 

Wash. 

M.T. 

P 

Wash. 

M.T. 

s 

I- 

II. 

1905 

h   m   s 

o 

I 

„ 

8 

,1 

1905 

h   n 

s 

o 

Ii   n 

s 

// 

1 

Oct.  11 

11  39  2 

251.57 

11 

38 

46 

74.85 

11 

Dec. 

11 

9  20 

56 

240.07 

9  20 

58 

19.42 

o 

Nov.  2 

10  42  46 

255.27 

10 

42 

34 

46.40 

12 

12 

8  48 

31 

259.51 

8  48 

27 

278.12 

3 

4 

10  17  25 

79.34 

10 

17 

27 

347.39 

13 

19 

8  17 

55 

258.17 

8  17 

51 

303.94 

4 

8 

10  39  53 

85.59 

10 

39 

56 

129.20 

14 

1006 

30 

8  0 

32 

265.13 

8  0 

33 

116.45 

5 

10 

14  44  44 

262.73 

14 

44 

35 

215.69 

15 

Jan. 

5 

8  3 

13 

247.47 

8  2 

57 

52.07 

6 

11 

10  10  59 

78.32 

10 

10 

54 

342.64 

16 

6 

7  41 

24 

261.06 

7  41 

14 

187.01 

7 

14 

10  16  36 

327.31 

10 

16 

36 

21.26 

17 

9 

7  25 

48 

255.53 

7  26 

33 

261.17 

8 

Dec.  4 

9  31  12 

249.12 

9 

31 

18 

41.93 

IS 

29 

9  7 

32 

86.31 

9  7 

21 

24.85 

9 

5 

8  46  28 

260.90 

8 

46 

5 

242.07 

19 

Feb. 

9 

9  56 

9 

81.05 

9  55 

41 

62.63 

10 

6 

12  43  8 

79.60 

12 

43 

43 

258.70 

1905 

I-III. 

1 

Oct.  11 

]2  8  6 

81.43 

12 

9 

9 

195.42 

12 

Dec. 

12 

8  30 

42 

262.33 

8  30 

51 

226.04 

2 

Nov.  4 

9  59  47 

253.40 

9 

59 

57 

151.25 

13 

18 

8  50 

38 

259.80 

8  50 

22 

216.69 

3 

8 

11  27  40 

79.47 

11 

28 

o 

272  68 

14 

19 

8  34 

48 

260.68 

8  34 

55 

260.25 

4 

10 

15  6  32 

252.60 

15 

6 

29 

169.05 

15 

190« 

30 

8  13 

10 

219.08 

8  13 

20 

20.46 

5 

11 

10  54  54 

251.77 

10 

54 

44 

127.61 

16 

Jan 

5 

7  30 

33 

77.69 

7  30 

43 

438.60 

6 

14 

9  32  17 

50.27 

9 

32 

23 

58.63 

17 

9 

7  42 

53 

267.71 

7  42 

38 

290.72 

7 

21 

9  36  41 

311.51 

9 

36 

18 

34.67 

18 

10 

5  58 

25 

61.44 

5  58 

27 

93.85 

8 

2o 

11  17  55 

245.57 

11 

17 

37 

69.18 

19 

18 

5  39 

1 

73.46 

5  38 

5^ 

149.02 

9 

Dec.  4 

8  55  50 

261.87 

8 

55 

59 

158.02 

20 

29 

9  60 

18 

256.04 

9  50 

17 

346.28 

10 

5 

9  5  20 

265.72 

9 

5 

44 

167.50 

21 

30 

8  44 

3 

256.41 

8  44 

10 

258.11 

11 

11 

1005 

8  44  5 

260.77 

8 

43 

55 

187.43 
II- 

[II. 

Feb. 

9 

9  11 

26 

75.30 

9  11 

20 

384.60 

1 

Oct.  30 

10  8  40 

70.89 

10 

9 

11 

103.06 

13 

Dec. 

18 

8  26 

47 

261.03 

8  27 

6 

223.36 

2 

31 

10  32  16 

74.21 

10 

32 

49 

89.20 

14 

19 

8  1 

0 

63.43 

8  1 

0 

42.69 

3 

Nov.  8 

11  2  30 

74.51 

11 

2 

12 

160.93 

15 

190G 

30 

7  47 

54 

92.77 

7  48 

38 

107.70 

4 

10 

15  27  18 

128.69 

15 

27 

18 

43.55 

16 

Jan. 

5 

7  12 

41 

76.57 

7  12 

33 

479.41 

5 

11 

9  49  44 

256.43 

9 

50 

19 

455.43 

17 

6 

7  24 

11 

84.86 

7  24 

4 

192.03 

6 

14 

10  35  31 

73.06 

10 

35 

34 

83.16 

18 

9 

8  1 

65 

279.49 

8  2 

5 

25.42 

7 

21 

9  13  42 

72.42 

9 

13 

47 

84.05 

19 

10 

6  34 

19 

269.90 

6  34 

37 

35.89 

8 

Dec.  4 

9  13  42 

266.25 

9 

13 

57 

118.20 

20 

16 

6  36 

40 

265.46 

6  35 

47 

62.06 

9 

5 

9  24  29 

69.95 

9 

24 

1 

68.61 

21 

18 

5  57 

43 

49.99 

5  57 

32 

37.28 

10 

(5 

13  3  35 

64.54 

13 

2 

28 

66.01 

22 

25 

9  46 

19 

52.48 

9  46 

66 

42.95 

11 

11 

8  26  0 

262.77 

8 

26 

20 

178.73 

23 

30 

9  0 

51 

261.36 

9  0 

44 

96.76 

12 

12 

1905 

9  6  42 

67.82 

9 

7 

29 

57.53 
III- 

24 
IV. 

Feb. 

9 

9  38 

39 

74.37 

9  38 

50 

327.96 

1 

Oct.  13 

11  19  28 

72.52 

11 

20 

25 

375.08 

11 

Dec. 

12 

8  13 

31 

252.38 

8  13 

43 

456.02 

2 

30 

10  29  31 

77.92 

10 

29 

33 

414.19 

12 

18 

8  5 

58 

73.72 

8  6 

0 

445.49 

o 

31 

10  55  35 

78.20 

10 

55 

49 

292.75 

13 

1908 

19 

9  1 

55 

75.74 

9  1 

46 

450.37 

4 

Nov.  2 

11  2  32 

76.89 

11 

2 

43 

373.76 

14 

Jan. 

5 

7  48 

5 

50.79 

7  47 

48 

74.40 

5 

11 

10  33  36 

262.65 

10 

33 

14 

336.66  , 

15 

10 

6  16 

10 

83.32 

6  16 

15 

325.85 

fi 

14 

9  52  1 

262. S6 

9 

51 

47 

175.50 

16 

16 

6  16 

59 

254.29 

6  17 

6 

305.84 

" 

21 

10  2  32 

86.79 

10 

2 

40 

311.37 

17 

25 

9  22 

28 

79.86 

9  22 

35 

303.30 

8 

25 

10  64  26 

257.14 

10 

57 

9 

306.65 

18 

29 

9  26 

21 

85.01 

9  27 

27 

120.70 

9 

Dec.  6 

13  28  43 

81.73 

13 

29 

4 

294.29 

19 

30 

9  19 

42 

233.18 

9  20 

6 

73.68 

10 

11 

9  2  20 

230.09 

9 

1 

58 

79.05 

20 

Feb. 

9 

8  43 

34 

74.94 

8  43 

28 

220.54 
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NOTE   ON  tx'  HERCULIS, 

By  a.  hall. 

I  am  indebted  to  Mr.  Aitken  and  Professor  Barnard   I  with  my  orbit,  A.J.,  No.  ."24,  gives  the  following  results  ; 
for  recent  observations  of  this  faint  star,  and  a  comparison    |  (C  — O) : 


Date 

Obs.  p 

Ap 

Obs.  s 

J.S 

No. 
Obs'ns 

Observer 

1897.57 

50?77 

+  3.60 

1.35 

+  0.11 

3 

Aitken 

1899.28 

53.13 

+  5.20 

1.67 

-0.11 

3 

" 

1901.41 

59.77 

+  4.39 

1.47 

+  0.11 

,*> 

" 

1903.65 

61.10 

+  7.40 

1.41 

+  0.11 

1 

" 

1905.46 

69.00 

+  7.28 

1.30 

+  0.10 

1 

" 

1906.45 

72.33 

+  7.57 

1.34 

-0.02 

3 

" 

1906.48 

74.00 

+  6.02 

1.42 

-0.10 

4 

Barnard 

The  mean  residual  is  +5°.92  =  +0.15,  in  angle.  This 
residual  would  be  removed  by  an  increase  of  about  a  year 
in  the  time  of  periastron,  or  by  a  small  increase  of  the 
periodic  time. 


If  we  assume  the  mass  of  this  system  equal  to  the  mass 
of  our  sun,  the  hypothetical  parallax  is  +0".ll.  It  would 
be  interesting  to  have  some  measures  for  the  parallax  of 
this  curious  system. 


COMET    C    1906   (kOPPF,  August  SS). 

Elements  computed  by  Crawford  from  observations  of 
August  24,  25  and  26  : 

T  =  1907  April  12.26  Gr.  M.T. 

o.  =  221°  38 
9,  =  230 
;  =     12  45 
q  =  1.118 


!  M  906.0 


Elements    computed    by  Morgan  from  observations  of 
August  24,  25  and  26. 

T  =  1906  Dec.  7.29  Gr.  M.T. 

«  =  243°  13  ) 
Q,  =  179  19  ^1906.0 
/  =     15  18  ) 
q  ==  0.821 
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OBSERYATIOXS   OF   JNIIXOR   PLAN^ETS, 

MADE     WITH    THE     12-INCH    AXI>    26-INCH    EQUATORIAL    AT    THE    U.S.     NAVAL    OBSERVATORY, 

By  J0H\  C.  HAMMOXD  axd  MATT  FREDEPJCKSON. 
[Communicated  by  Rear-Admiral  Asa  Walker,  U.S.N.,  Superintendent.] 


1905  Wash'nM.T. 


Comp. 


Ja 


j8 


App.  a 


App.  8 


log  p^ 


Ked.  to  App.  PI. 


Mar. 


26  12  57  27* 

1 

30  ,  6 

25  13  22  32* 

2 

25,5 

27  11  47  56* 

3 

30  .  6 

27  12  25  17* 

4 

20  ,  4 

27  12  49  41* 

5 

18,  4 

28  11  26  35* 

6 

25  ,  5 

30  12  47  20* 

7 

26,  6 

30  13  16  19* 

8 

26,6 

Observed  by  Frederickson. 

Apr.  1  10  40  51* 
2  11  28  23* 
2  12  16    6* 

7  14  20  16* 

8  14  45  32* 
18  12  20  54t 

23  12  47  11* 

24  10  10    8* 
24  10  43  24* 

Observed  by  Fredericksok. 


9 

19  ,  5 

10 

30  ,  6 

11 

18.4 

12 

19  ,  4 

13 

21  ,  6  1 

14 

20,  4  1 

15 

25,5  j 

16 

30,6 

17 

29  ,  6 

Apr. 


2  10  36  18* 

18 

27  .  6 

8  13  22  14* 

19 

18  ,  5 

14  13  12  17* 

20 

32  ,  7 

22  12  53  44* 

21 

26  ,  6 

22  13  23  57* 

22 

17,4 

Observed  by  Frederickson. 


May 


2  11  27  19* 

23 

28,  6  ! 

2  12  25  43* 

24 

19  ,4 

7  11  29  6* 

25 

18  ,  6 

7  11  46  21* 

26 

18,6 

7  12  38  14* 

27 

18  ,  4 

21  12  28  45* 

28 

20  ,4 

21  13  3  48* 

29 

10  ,  2 

23  13  16  22* 

30 

24  ,  5 

+  1  28.22 
-3  37.24 
-1  1.44 
0.29 
18.00 
6.93 
43.76 


+  3 


+  0 


-0  49.54 


-4  9.86 
+  0  46.80 
+  3  19.78 
+  2  9.92 
-0  11.94 
+  2  41.85 
-4  10.36 
+  0  47.98 
-1  37.32 


+  1  51.38 
-1  43.51 
+3  10.05 
+  2  20.00 
+  3  42.43 


!  +1 
+  5 
+  0 
-0 
-4 
-4 
+  3 


5.99 
46.45 
16.90 
10.97 
37.39 
46.09 
56.31 
46.58 


+   6 
+   2 


-  4 

-  1 
^  6 
4-  0 


(28)  BeUutiu. 

56.7 
45.6 
36.7 
48.7 
21.4 
30.6 
50.5 
22.8 


h 

18 

8.69 

12 

18 

7.61 

12 

16 

40.30 

12 

16 

39.02 

12 

16 

38.16 

12 

15 

55.59 

]^o 

14 

24.34  ' 

12 

14 

23.13 

+ 


(64)  Angelinu 

+   2  29.6  1  12  22 

-  3  48.4 

3  9.4 
1  14.6 
1  9.6 
0  53.5 
6  50.3 
9  33.7 

4  59.5 


-H 


12  21 
12  21 
12  17 
12  16 
12  9 
12  7 
12  6 
12     6 


37.39 
45.52 
43.61 
35.67 
48.08 
58.73 
15.42 
50.30 
49.54 


(124)  Alkeste. 
+  0  49.2  12  26  45.38 
+  7  19.5  I  12  21  51.65 
+  0  42.9  12  17  27.06 
+  0  13.1  I  12  12  29.83 
-   5     4.1     12  12  28.83 


(26)  Proserpina. 

-  3  39.7 

-  0  58.0 

-  0  24.9 
0     9.3 

-  7  33.4 
+  5  4.1 
+  5  56.0 

-  9  49.7 


+   8  27  36.9 

+  8  27  47.7 

8  43     6.0 

8  43  12.3 

8  43  23.2 

8  50  35.3 

9  5  47.8 
9  6     0.5 


9.012 

0.649 

9.180 

0.652 

718.258 

0.643 

8.759 

0.644 

9.025 

0.646 

M8.714 

0.642 

9.110 

0.642 

9.265 

0.647 

+  1.48  - 
+  1.48  - 
+  1.49  - 
+  1.49  - 
+  1.49  - 
+  1.50  - 
+  1.50  - 
+  1.50  - 


23.5 

«9.091 

0.778 

3.1 

ri8.301 

0.779 

49.2 

8.877 

0.778 

53.0 

9.522 

0.764 

49.2 

9.568 

0.760 

5.0 

9.351 

0.765 

19.4 

9.482 

0.759  < 

28.7 

8.420 

0.765  1 

22.6 

8.965 

0.765  1 

2  46  46.5 

n9.122 

0.764  i 

2  6  52.9 

9.384 

0.757 

1  30  11.7 

9.434 

0.751 

0  47  51.4 

9.476 

0.746 

0  47  43.3 

9.534 

0.745 

14 

34 

7.16 

14 

34 

4.87 

14 

29 

32.37 

14 

29 

31.71 

14 

29 

29.91 

14 

18 

4.48 

14 

18 

3.38 

14 

16 

41.76 

14  36  16.3 

m8.714 

0.848 

14  36  11.6 

8.837 

0.847 

14  23  30.3 

7.281 

0.847 

14  23  26.4 

8.574 

0.847 

14  23  20.4 

9.154 

0.842 

13  52  23.4 

9.395 

0.828 

13  52  20.2 

9.487 

0.818 

13  48  57.2 

9.530 

0.811 

9.3 
9.2 
9.3 
9.4 
9.3 
9.2 
9.3 
9.2 


+  1.63 
+  1.63 
+  1.63 
+  1.62 
+  1.63 
+  1.58 
+  1.57 
+  1.55 
+  1.56 


+  1.61 
+  1.62 
+  1.59 
+  1.55 
+  1.54 


+  2.01 
+  2.01 
+  2.04 
+  2.04 
+  2.04 
+  2.06 
+  2.04 
+  2.05 


-  9.4 

-  9.6 

-  9.8 

-  9.8 

-  9.8 
-10.1 

-  9.9 
-10.1 

10.1 


9.4 
9.4 
9.8 
9.6 
9.6 


3.8 
4.1 
4.1 
4.1 
3.8 
4.6 
5.1 
4.8 


Observed  by  Frederickson. 
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1905  Wash.  M.T. 


Comp. 


Ja 


jB 


App.  a 


App.  8 


logpA 


Red.  to  App.  PL 


May      8  11  25  27* 

8  11  52  13* 

8  12  38  43* 

19  13  55  34* 

23  10  55    8* 

23  12  12  48* 

27  12  53  42* 

28  10  38  35* 
3  12  38  12* 
3  12  58  30* 

Observed  by  Fred 


June 


31 

25,  5 

32 

29  ,  6 

33 

35,7 

34 

25,5 

35 

25  ,  5 

36 

19  ,  4 

37 

20  ,  4 

38 

23  ,  6 

39 

23,5 

40 

25  ,  5 

ERICKSON. 


14  13  13  18* 

41 

24  ,  5 

14  13  32  43* 

42 

24  ,5 

25  12  50  51* 

43 

15  ,5 

25  13  15  6* 

44 

23,  5 

7  12  5  10* 

45 

22,5 

7  12  51  6* 

46 

17  ,4 

June 


July 


Observed  by  Fbederickson. 

June  28  13  16    4* 

28  13  35  52* 

28  13  51  29* 

July      8  12  36  20* 

8  13    8    2* 

Observed  by  Frederickson. 


47 

25  ,  5 

48 

22  ,  5 

49 

23,5 

50 

20  ,4 

51 

24  ,5 

July 


Aug. 


7  12  23  2t 

52 

20  ,  4 

8 13  9  42t 

53 

15  ,  3 

15  13  43  39t 

54 

25  ,  5 

20  11  52  42t 

55 

25,5 

26  12  20  31t 

56 

30  ,  6 

30  13  38  49t 

57 

20  ,4 

30  13  58  56t 

58 

20  ,  4 

3  11  30  6t 

59 

25  ,  5 

6 12  2  34t 

60 

18  ,  6 

15  12  5  58t 

61 

30  ,  6 

17  10  42  57t 

62 

25  ,5 

18  10  31  31t 

63 

25,5 

22  9  42  53 1 

64 

25  ,5 

22  10  7  17t 

65 

25  ,  5 

30  9  32  23t 

66 

28  ,  6 

31  9  42  Ot 

67 

20  ,4 

6  9  37  40t 

68 

30  ,  6 

Sept. 

Observed  by  Hammond. 

July  8  14  14  10*1  69 
8  14  26  39*1  -"O 
8  14  42  28*i    71 


Observed  by  Frederickson. 


Sept. 


+0  39.36 
-0  29.06 
-1-3  32.67 
-2  11.31 
+  1  55.56 
+  3  52.14 
+  2  19.09 
+  2  46.20 
-2  45.73 
-0  47.11 


+  1  21.63 
-hO  11.67 
-0  29.82 
+  1  11.53 
+  3  15.17 
+3     9.94 


+  1  13.33 

+  1  6.44 

+  0  24.87 

+  2  0.80 

-1  4.97 


-4  54.42 

-3  44.07 

+  2  9.61 

+  1  29.03 

-0  53.48 

—  2  27.82 

-4  32.09 

+  3  5.92 

-0  20.25 

-0  45.24 

-1  23.52 

+  0  47.10 

-2  3.85 

-3  36.01 

-1  47.53 

-3  42.50 

-4-2  18.22 


19  ,  4    I   -0  53.23 

20  ,  4       -1     4.41 
20  .4    I   -1  34.64 


8  11  23  40t 

72 

25  ,5 

8  11  41  51 1 

73 

25,5 

8  11  56  39t 

74 

25  ,  5 

14  11  32  It 

75 

25  ,  5 

14  11  49  28t 

76 

25,5 

+  2  33.56 
+  1  52.62 
-1  27.57 
+  2  45.79 
-1  29.76 


(14)  Irene. 


+  5  26.3 
-13  23.2 
+  7  20.5 
+  6  37.1 
-  7  23.2 
+  0  43.8 
-11  39.0 
-13  31.6 
+  5  1.4 
+  2     2.5 


14  39 
14  39 
14  39 
14  29 
14  27 
14  26 
14  24 
14  23 
14  21 
14  21 


13.22 

12.06 

10.17 

49.24 

0.95 

58.66 

27.95 

67.39 

5.88 

5.74 


(19)   Fortuna. 


+   8 

4.2 

+  3 

16.6 

-  1 

11.4 

-10 

26.8 

+  0 

18.9 

+  0 

39.5 

(46)  Hestl 


+   4  2.1 

-   1  57.1 

1  53.7 

2  31.3 
2  9.4 


+ 


18  45  10.43 

18  45  9.45 

18  45  9.07 

18  35  21.22 

18  35  20.03 


(532)  Hercidina. 


+ 

3  22.1 

_ 

0  32.7 

_ 

7  49.2 



9  3.2 

+ 

1  10.6 

_ 

6  3.2 



2  2.3 

+ 

3  24.2 



0  45.8 



7  18.0 



2  8.3 

+ 

3  51.7 

+ 

3  53.0 

+ 

4  56.7 

+ 

5  31.0 

+ 

4  3.8 

+ 

0  20.8 

36  30. 

36     0. 

32     1. 

28  41. 

24     6. 

20  45. 

20  44 

17  24, 

14  46 

6  57, 

5  18, 

4  29 

1   17 

1  16, 

55  29, 

54  50 

51  21 


(234)  Barhani. 
4  40.3 
7  28.8 
7  16.8 

(90)  Antiope. 


+  1  46.4 

+  2  22.8 

+  2     4.1 

-  0  48.3 

+  3  57.2 


23  35  35.41 

23  35  34.89 

23  35  34.42 

23  31  5.88 

23  31  5.45 


3  27  13.1 

n8.228 

0.771 

3  27  17.3 

8.565 

0.771 

3  27  17.7 

9.108 

0.770 

3  45  23.3 

9.537 

0.762 

3  56  51.5 

8.811 

0.775 

3  57  1.5 

9.327 

0.771 

4  11  30.2 

9.490 

0.767 

4  15  7.9 

8.886 

0.777 

4  42  42.9 

9.520 

0.768 

4  42  44.7 

9.554 

0.766  1 

18 

34 

37.49 

18 

34 

36.88 

18 

23 

43.64 

18 

23 

42.77 

18 

11 

22.80 

18 

11 

20.85 

-20  59  35.1 
-20  59  36.3 
-21  1  50.8 
-21  1  54.5 
-21  4  34.5 
-21     4  39.0 


19 

1  44.57 

19 

1  44.21 

19 

1  43.48 

+  1.90 
+  1.90 
+  1.90 
+  1.93 
+  1.92 
+  1.92 
+  1.01 
+  1.91 
+  1.92 
+  1.91 


-  3.0 

-  3.0 

-  2.9 

-  2.8 

-  3.0 

-  3.1 

-  2.9 

-  2.8 

-  2.4 


8.335 

0.880 

8.800 

0.879 

8.944 

0.878 

9.145 

0.874 

9.072 

0.876 

9.324 

0.867 

19  2  40.8 

9.080 

0.867 

19  2  41.5 

9.205 

0.864 

19  2  39.3 

9.281 

0.860 

19  13  37.1 

9.144 

0.866 

19  13  40.4 

9.306 

0.860 

+  2.43  +10.5 

+  2.43  +10.6 

+  2.61  +10.2 

+  2.61  +10.1 

+  2.73  +   9.3 

+  2.73  +   9.3 


+  2.59  +11.4 
+  2.59  +11.4 
+  2.59  +11.4 
+  2.70  +11.0 
+  2.70  +11.1 


22  51 

37.8 

»i9.430 

0.864 

23  0 

12.3 

W9.231 

0.880 

24  0 

7.8 

n8.504 

0.893 

24  42 

57.7 

?i9.339 

0.880 

25  35 

2.7 

»t9.011 

0.895 

26  9 

14.3 

9.050 

0.897 

26  9 

19.9 

9.192 

0.893 

26  40 

57.4 

?i9.115 

0.897 

27  4 

27.2 

M8.428 

0.904 

28  7 

25.8 

8.894 

0.905 

28  19 

25.7 

n8.944 

0.906 

28  25 

22.0 

n9.012 

0.905 

28  47 

15.3 

W9.227 

0.900 

28  47 

23.7 

?i9.061 

0.905 

29  23 

15.6 

«9.044 

0.907 

29  26 

59.4 

M8.895 

0.910 

29  45 

35.4 

?i8.427 

0.912 

+  2.15 
+  2.19 
+  2.40 
+  2.52 
+  2.64 
-1-2.72 
+  2.71 
+  2.78 
+  2.84 
+  2.94 
+  2.95 
+  2.96 
+  2.97 
+  2.97 
+  2.98 
+  2.97 
+  2.93 


+  18.2 
+  18.2 
+  18.7 
+  18.7 
+  18.8 
+  18.8 
+  18.9 
+  18.2 
+  18.2 
+  17.5 
+  17.3 
+  17.0 
+  16.7 
+  16.7 
+  15.6 
+  15.6 
+  14.6 


2  43  15.9 

9.416 

0.760 

2  43  22.7 

9.448 

0.760 

2  43  28.5 

9.484 

0.758 

6  28  3.9 

M9.088 

0.793 

6  28  8.3 

w8.938 

0.794 

6  28  12.0 

n8.768 

0.794 

6  56  1.2 

7i8.703 

0.798 

6  56  4.6 

n8.187 

0.798 

+  2.51  +12.6 
+  2.51  +12.6 
+  2.51  +12.6 


+  2.80  +19.4 

+  2.79  +19.4 

+  2.78  +19.3 

+  2.84  +19.5 

+  2.84  +19.5 


Observed  by  Hammond. 
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Comp. 


Ja 


jB 


App.  a 


App.  6 


logpA 


Red.  to  App.  PI. 


Sept. 


9  12  49  53*] 
14  14  3  5* 
14  14  25  17*1 
14  14  53  12*i 
24  11  0  40* 
29  13  1  1(5* 
29  13  40  5G* 
29  14    4  31* 


Observed  by  Fkederickson 


Sept.  12  13  55  53t 
12  14  5  44t 
12  14  21  lit 
25  11  42  12t 
28  11  51  54t 
28  12  13    Ot 


85 
86 
87 
88 
89 
90 


Observed  by  Fbederickson 

Sept.  21  12  6  17t 
21  12  22  43t 
21  12  44  45t 
2(3  11  26  25t 
28  10  34  4ot 
28  10  55  35t 
Observed  by  Fredeuickson 


91 

25,5 

92 

25,  5 

93 

25  ,  5 

94 

25  ,  5 

95 

25  ,5 

96 

25,  5 

Sept. 


Oct. 


21  8  45  22t 

22  8  53  48+ 
24  10  28  39t 
27  10  34  50t 
27  10  49  52t 

3  9  23  53+ 


97 

25  ,  5 

98 

20  ,  4 

99 

25  ,  5 

100 

25,5 

101 

25  ,  5 

102 

30  ,  6 

MOND 

Observed  by  Ham 

Sept.  22  11  54  36t|  103  I  25 

22  12  27  44+  104    23 

26  12  22  54t  105    25 

26  12  56  24+  106  1  25 

Observed  by  Freperickson 


Sept. 
Oct. 


Observed  by  Fbederickson 


30  12  8  54t  107 

25 

5 

30  12  30  15+,  108 

25 

5 

8  10  55  54ti  109 

25 

5 

23  9  53  16ti  110 

20 

4 

23  10  27  38t|  111 

20 

4 

112 

30  ,  6 

113 

25  ,  5 

114 

25  ,  5 

115 

25  ,5 

116 

23,5 

117 

25  ,  5 

118 

24  ,  5 

(79)  Eurij7iome. 


-1  42.06 

+  1  49.14 

-2  16.87 

-0  31.09 

+  0  11.56 

+  3  2.84 

+0  50.84 

+  1  11.91 


5  59.6 

0 

21  1.20 

3  58.1 

0 

17  46.42 

5  45.3 

0 

17  45.48 

2  15.6 

0 

17  44.80 

1  41.0 

0 

10  22.29 

4  47.8 

0 

6  19.65 

2  50.6 

0 

6  18.26 

0  34.5 

0 

6  17.45 

+   6  48 


47.0 

n8.526 

0.667 

2.8 

9.195 

0.678 

55.2 

9.296 

0.680 

48.2 

9.393 

0.684 

18.1 

W9.049 

0.690 

29.8 

9.236 

0.699 

13.8 

9.386 

0.703 

6.0 

9.450 

0.705 

(356)   Liguria. 


5  +0  10.82 

5  j  -0  19.35 

5  I  -1  37.98 

5  i  -1  43.20 

5  I  +1  26.61 

5  i  +2  21.28 


-0  19.80 
+0  40.95 
+  2  5.14 
-1  7.34 
+  2  24.29 
-2  16.26 


■  3  44.4 

■  0  44.3 

-  0     0.9 

-  6  17.4 
-10  44.8 


0  12  23.60 
0  12  2.3.42 
0  12  22.87 
0  0  19.60 
23  57  23.72 


+  0  8.7  23  57  22.76  +  1  20  55.5 


+  1  47  10.9 

+  1  47  9.5 

+  1  47  8.5 

+  1  26  30.8 

-I-  1  20  56.7 


9.138 

0.724 

9.193 

0.724 

9.266 

0.724 

W7.213 

0.726 

8.673 

0.727 

8.949 

0.727 

(305)  Gordonid. 


+ 

2  7.0 

+ 

1  57.8 

_ 

1  39.9 

+ 

2  51.4 

+ 

7  55.3 

+ 

3  43.8 

23  46 

49.06 

23  46 

48.66 

23  46 

47.87 

23  43 

10.14 

23  41 

44.91 

23  41 

44.28 

+  2  26  34.3 

+  2  26  32.6 

+  2  26  26.7 

+  1  57  4.4 

+  1  45  21.8 

+  1  45  18.5 


8.623 

0.716 

8.873 

0.716, 

9.071 

0.717 

7.949 

0.721 

?i8.878 

0.723 

W8.534 

0.723 

1905  QU  =   (406)  [1895  C5]. 


-1  58.03 
+  3  45.98 
+  1  31.05 
+  2  10.44 
-1  31.51 
+  3  17.16 


+  1  27.98 
-1  25.86 
+  0  33.07 
+  1  42.10 


+  1  57.79 
+  0  47.31 
-0  40.48 
-4  20.08 
-5  39.17 


_ 

7  2.4 



1  27.7 

+ 

3  17.8 

+ 

4  21.1 

+ 

3  21.4 

- 

7  23.2 

22 

33 

24.99 

22 

32 

46.74 

22 

31 

31.84 

22 

29 

53.18 

22 

29 

52.87 

22 

27 

15.48 

5  21  9.8 

«9.315 

0.781 

5  23  38.8 

?i9.262 

0.783 

5  28  30.9 

8.314 

0.787 

5  35  1.7 

8.777 

0.788 

5  35  3.2 

8.953 

0.787 

5  45  22.7 

m8.475 

0.789 

(351)  Yrsa. 


-  6  58.4 

-  6  32.5 
-10  33.8 

-  7  4.8 


0  28  13.29 
0  28  12.12 
0  24  57.35 
0  24  56.18 


(82)  Alkmene. 


+  9  18.0 
—  5  55.6 
52.1 
0  38.3 
8  43.6 


+   3 


1  51  21.54 

1  51  21.24 

1  45  12.23 

1  31  59.78 

1  31  58.62 


(169)  Zelia. 


Sept.  26  12  55  12* 

Oct.       3  13  11  52t 

3  13  33  36t 

8  12    9  29t 

8  12  38  .30t 

12  11  10  28+ 

12  11  27  30+ 

Sept.  26,  observed  by  Rice.     Other  observations  by  Frederickson 


-0  45.10 
+  2  5.33 
-3  13.94 
-2  37.47 
10.55 
4.05 


+  1 
+  1 


+  0  38.36 


2  46.3 

0  32.8 

0  52.8 
6  38.5 
9  18.8 

1  3.9 
6  5.5 


0  51  33.09 

0  44  26.42 

0  44  25.43 

0  39  23.79 

0  39  22.45 

0  35  29.76 

0  35  28.96 


-11  54  32.3 

-11  54  40.9 

-12  17  43.5 

-12  17  49.5 


+  11  5  36.0 
+  11  5  37.0 
+  10  38  30.0 
+  9  37  31.8 
+   9  37  29.5 


+   8  25  37.3 


7t8.757 

0.832 

8.020 

0.832 

8.595 

0.834 

9.030 

0.832 

»9.11S 

0.616 

n8.948 

0.613 

M9.297 

0.629 

W9.255 

0.640 

n9.056 

0.634 

8  8  23.6 
8  8  21.4 
7  54  15.3 
7  54  10.4 
7  42  29.3 


(211)   Isolda. 


Oct. 


4  10  29  16+ 

119 

25  ,  5 

+  1  46.69 

+  3  4.9 

0  26  0.68 

4  10  48  37t 

120 

25  ,  5 

+  1  0.73 

+  0  0.4 

0  26  0.07 

11  10  31  16t 

121 

8  ,  8 

+  0  14.10 

-  0  44.3 

0  20  42.56 

11  11  10  5(»+ 

122 

25  ,  5 

-1  12.15 

-  5  23.9 

0  20  41.26 

11  11  48  12t 

123 

24,5 

-1  41.87 

-  6  33  5 

0  20  40.15 

Observed  by  Frktierickson. 


+   7  42  29.1 


+  9  10  46.0 

+  9  10  42.5 

+  8  32     5.1 

+  8  31  55.7 

+  8  31  48.8 


8.703 

0.647 

9.180 

0.656 

9.284 

0.659 

8.890 

0.655 

9.129 

0.657 

«7.200 

0.656 

8.516 

0.656 

7(9.107 

0.641 

?i8.953 

0.639 

w8.770 

0.646 

8.323 

0.646 

8.982 

0.648 

+  2.85  +16.8 
+  2.91  +17.6 
+  2.91  +17.4 
+  2.91  +17.5 
+  2.97  +18.7 
+  2.98  +19.1 
+  2.98  +19.1 
+  2.98  +19.1 


+  2.84  +18.0 
+  2.84  +18.0 
+  2.84  +18.0 
+  2.94  +19.1 
+  2.95  +19.3 
+  2.94  +19.3 


+  2.93  +19.3 
+  2.93  +19.4 
+  2.93  +19.4 
+  2.98  +19.0 
+  2.93  +19.8 
+  2.94  +19.7 


+  2.82  +20.3 
+  2.81  +20.3 
+  2.80  +20.3 
+  2.78  +20.2 
+  2.79  +20.2 
+  2.73  +20.1 


+  2.81  +18.4 
+  2.80  +18.3 
+  2.84  +18.3 
+  2.84  +18.3 


+  3.05  +13.2 
+  3.06  +13.1 
+  3.15  +14.1 
+  3.24  +15.3 
+  3.24  +15.7 


+  3.02  +16.7 
+  3.07  +17.6 
+  3.07  +17.3 
+  3.09  +18.0 
+  3.09  +18.2 
+  3.09  +18.4 
+  3.09  +18.4 


+  3.08  +18.6 
+  3.08  +18.6 
+  3.08  +19.1 
+  3.08  +19.1 
+  3.08  +19.1 
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1905  Wash.  M.T. 


Comp. 


Ja 


J8 


App.  a 


App.  8 


logpA 


Red.  to  App.  PI. 


Oct.  4  11  49  37t 
14  10  3  lit 
14  10  39  35t 


124 
125 
126 


30  ,  6 
25  ,5 
30,  6 


Observed  by  Frederickson. 


Oct. 


4  13  64  22t|  127 

5  9  56  13t  128 
8  9  52  37t  129 

13  10  13  47t 
22  12  33  57t 
22  12  45  16t 


130 
131 
132 


Observed  by  Frederickson. 


Oct.  21  10  13  50t 
22  10  41  58t 
29    9  39  38t 

Nov.     4  10  16  12t 

Observed  by  Hammond. 


Oct.     31  10  IS    7t 

31  10  38  58t 

Nov.      2  10  37  12t 

2 11    3  19t 


133 

25 

5 

134 

25 

5 

135 

20 

4 

136 

25 

5 

-1 
+1 

+  2 


+  1 
—  2 
+  0 
-0 
+  1 
-0 


+  2 


137 

25,  5 

138 

25,5 

139 

25,5 

137 

10  ,10 

+1 


+  2 
+  0 


18.90 
2.47 
3.30 


1.06 
38.29 
35.43 

9.21 
49.49 
49.87 


1.44 
59.83 

5.98 
35.88 


51.12 

41.04 

35.88 

8.47 


(212)  Medea. 
+   i  39.9 


25.8 


-  8  31.5 

(224) 

-  8  46.6 
+  6  45.6 
+   2  28.5 

-  3  40.9 
-10  42.9 

-  9  30.4 


0  20  44.61 

0  13  21.48 

0  13  20.36 

Oceana. 

0  35  16.27 

0  34  30.53 

0  31  47.55 

0  27  23.45 

0  20  12.28 

0  20  11.58 


(483)   Sejypina. 
+   7  40.3  I    1  38  53.09 

-  0  38.7      1  38  13.88 

-  2  32.4      1  33  52.35 
+   0  10.5      1  30  22.07 


(257)   Silesia. 


0  48.0 
4  30.2 

1  36.0 
4  55.2 


2  16  58.08 
2  16  57.39 
2  15  16.50 
2  15  15.45 


Oct.  31,  observed  by  Frederickson.     Other  observations  by  Hammond. 


1  10  1  19t 

140 

25,5 

2  9  49  12t 

141 

10,10 

11  11  9  31t 

142 

25,5 

14  8  56  19t 

143 

25,5 

14  9  8  56t 

144 

25  ,  5 

14  9  25  28t 

145 

25,5 

(189)  Phthla. 
2 
2 


Nov.      1  10    1  19ti  140    25  ,  5       +1  45.42 

-0  4.88 

+  1  28.80 

+  0  33.94 

+  0  56.34 

+  1  56.14 
Nov.  1,  observed  by  Frederickson.     Other  observations  by  Hammond. 


_ 

8  48.2 

+ 

6  21.7 

_ 

1  22.7 

+ 

4  59.5 

+ 

2  36.0 

+ 

3  29.8 

tNov. 
t 


(511)   Da.vida. 


10  10  19  29t 

146 

25,  5 

10  10  41  24t 

147 

25,5 

10  12  1  48t 

148 

8,8 

14  12  32  55* 

149 

25,5 

14  12  58  22* 

150 

25  ,  5 

Observed  by  Frederickson. 


Nov.  14  10  51  23t 
14  11  5  22+ 
29  12  28  35t 


151 
152 
153 


25  ,  5 
25  ,  5 
25  ,  5 


+  2  17.22 
-2  57.59 
+  0  6.62 
+  1  11.40 
-1  53.23 


+  0  36.67 
-0  30.72 
-0  39.76 


+  0  43.0 

-  7  18.0 
+  4  5.1 
+  3  24.8 

-  8  37.7 


1  42  32.69 

1  42  32.02 

1  42  29.75 

1  39  59.78 

1  39  59.00 


(419)   Anrelia. 


-  1  21.2 

-  5  13.3 
+   2  15.7 


3  25  3.14 
3  25  2.25 
3  11  14.55 


Nov.  14.  observed  by  Hammond.     Nov.  29,  observed  by  Frederickson. 

(344)  Desiderata. 


Nov.    21    9  44  41t 


21  10 
26  13 


2  31t 
6  54t 


154 

25  ,5 

155 

25  ,  5 

156 

25,5 

Observed  by  Frederickson. 

Nov.   21  13  30  56*1 157  I  20  ,  4 
21  14    8  52*1 158  |  25  ,  5 
Observed  by  Frederickson. 

Nov.    23  11  59  25*1 159  |  24  ,  5 
Observed  by  Frederickson. 

Nov.    23  13  25  12*1 160  I  25  ,  5 
23  13  50  57*1 161  |  25  ,  5 
Observed  by  Fredehickson. 


+  2  49.86  +  0  14.6  4  52  14.83 
-2  36.47  +  1  16.8  4  52  13.83 
+  1     4.56      +   7  57.5      4  46  16.45 

(11)  Parthenope. 
-3  58.90    I  -   3  12.7  1    3  45  46.14 
+  1  28.81    I  -   2  55.8  |    3  45  44.65 

(16)   Psyche. 
+  2  37.92    I  -   0  2.3.2  |    4  23  38.54 

(29)   Aiiiphitrite. 
-2  48.78    1-1     7.6  I    4     0  35.56 
-3  50.32      -   1  37.1       4     0  34.22 


+ 

8  4  10.7 

8.640 

0.652 

+ 

7  21  31.2 

M8.884 

0.662 

+ 

7  21  23.9 

ra7.537 

0.660 

+  6  54  46.2 

9.400 

0.678 

+  6  51  41.8 

W9.296 

0.674 

+  6  40  45.4 

?i9.250 

0.674 

+  6  22  27.7 

re8.958 

0.674 

+  5  51  24.1 

9.414 

0.690 

+  5  51  26.4 

9.444 

0.691 

3  18  29.1 

W9.222 

0.768 

3  25  50.0 

M9.018 

0.770 

4  12  24.3 

n9.212 

0.775 

4  46  47.5 

7J8.589 

0.782 

+  13  52  43.5 

W9.206 

0.579 

+  13  52  41.7 

w9.078 

0.574 

+  13  47  5.5 

«9.018 

0.574 

+  13  47  0.5 

«8.708 

0.570 

11 

38.74  1 

10 

45 

71 

3 

8 

52 

0 

57 

41 

0 

57 

01 

0 

56 

50 

+  11  8  46.6 

M9.239 

0.620 

+  11  1  40.3 

M9.272 

0.623 

+  10  0  18.7 

8.766 

0.627 

+  9  42  32.0 

7^9.252 

0.639 

+  9  42  29.3 

M9.190 

0.636 

+  9  42  24.5 

;i9.089 

0.634 

14  17  42.1 

«7.978 

0.846 

14  17  39.4 

8.553 

0.846 

14  17  33.2 

9.292 

0.837 

14  7  2.9 

9.452 

0.824 

14  7  3.3 

9.509 

0.816 

+  18 

23 

30.8 

«9.091 

0.495 

+  18 

23 

29.9 

M8.976 

0.491 

+  17 

15 

50.3 

9.348 

0.538 

+  32  38  1.9 

W9.595 

0.319 

+32  38  5.9 

re9.560 

0.275 

+  32  52  4.8 

9.002 

9.983 

+  12  34  28.4  1    9.326 
+  12  34  22.8      9.444 


0.606 
0.620 


+  3.06  +18.7 
+  3.04  +19.4 
+  3.04  +19.5 


+  3.06  +18.1 
+  3.06  +18.1 
+  3.06  +18.5 
+  3.06  +18.7 
+  3.03  +19.3 
+  3.04  +19.1 


+  3.04  +14.8 
+  3.05  +14.9 
+  3.06  +14.1 
+  3.06  +14.0 


+  3.42  +12.7 
+  3.43  +12.4 
+  3.43  +13.0 
+3.44  +12.9 


+  3.37  +13.1 
+  .3.37  +13.1 
+  3.36  +13.6 
+  3.36  +13.6 
+  3.36  +13.6 
+  3.36  +13.7 


+  2.97  +11.4 
+  2.98  +11.3 
+  2.97  +11.3 
+  2.96  +10.9 
+  2.97  +10.8 


+  3.71  +  7.1 
+  3.72  +  7.0 
+  3.77  +   8.5 


+  4.25  -  1.9 
+  4.24  -  2.5 
+  4.35  -   1.2 


+  3.65  +  5.0 
+  3.64  +   5.5 


+  16  37  56.4  1»8.473  \  0.520  ]  +3.77  +   2.1 


+  30  22  24.8 
+  30  22  22.7 


9.328 
9.425 


0.196 
0.242 


+  4.23  +  3.5 
+  4.23  +   3.4 


N"-  589 


THE     ASTRONOMICAL     JOURNAL. 


107 


1905  Wash.  M.T.          * 

Comp. 

Ja 

j8 

App.  a                App.  8 

logpA 

Red.  to  App.  PI. 

(405)   Thui. 

Nov.    25  10  16  o6t 

162 

25  ,  5 

-3  23.91 

+  4  23.4 

4  39  46.40     +24  21  13.5 

w9.417 

0.414 

+  4.01  -   0.5 

26    9  IS  39t 

163 

25  ,  5 

-0  48.95 

+   2  13.6 

4  38  47.34     +24  16  18.5 

W9.547 

0.478 

+  4.03  -   0.1 

Dec.      4  11  35  45t 

164 

of;      k 

-4  49.09 

-   5     9.8 

4  30  19.38     +23  32  24.2 

n7.454 

0.362 

+  4.12  +   0.7 

Observed  by  Fkbdebickson. 

(322)  Phao. 

Nov.    29  10  15    6t 

165 

25,  5 

-1  11.09 

-  3  35.0 

4  49  43.82 

+  23     5  17.6 

ra9.400 

0.437 

+  4.03  -   1.2 

29  10  31  o9t 

166 

25  ,5 

+  1  49.07 

-   4  16.4 

4  49  43.24 

+  23     5  11.5 

»9.341 

0.422 

+  4.04  -   0.8 

Dec.      4    9  39  16t 

167 

25  ,  5 

—  0  22.22 

+   4  35.6 

4  44  42.73 

+  22  36  31.1 

n9.432 

0.458 

+  4.08  -   0.3 

4  10    3  12t 

168 

25  ,5 

-]      1.39 

-11  21.5 

4  44  41.71 

+  22  36  25.9 

»i9.354 

0.436 

+  4.09  -   0.4 

4  10  22  28t 

169 

20  ,  4 

-3  32.39 

-  0  30.2 

4  44  40.85 

+  22  36  21.7 

W9.274 

0.421 

+  4.08  -   0.6 

Observed  by  Fbederickson. 

■ 

■  Observed  with  the  12-inch  equatorial.         t  Observed  with  the  26-inch  equatorial.         t  W.  JI.T.  may  be  1  minute  greater. 


Mean  Places 

of  Comparison- 8ta 

rs  f 

or  the  heginning  of  the 

year. 

* 

a 

s 

Authority 

* 

a 

8 

Authority 

1 

12  16  38.99 

+   8  20  49.5 

Leipzig  II,  A.G.  6095 

44 

18  22  28.63 

-20°  51 '37.8 

Cincinnati  1885,  3017 

2 

12  21  43.37 

+   8  25  11.3 

"      "     6120 

45 

18     8     4.90 

-21     5     2.7 

American  Eph.  1905 

3 

12  17  40.25 

+   8  34  38.6 

"      "     6100 

46 

18     8     8.18 

-21     5  27.8 

Frisby's  Yarnall  7843 

4 

12  13  37.24 

+   8  35  33.0 

"       "     6074 

47 

18  43  54.51 

-19     6  54.3 

Algiers,  A.G.  Zones 

5 

12  17  54.67 

+  8  47  53.9 

"      "     6104 

48 

18  44     0.42 

-19     0  55.8 

u               u            a 

6 

12  19     1.02 

+   8  52  15.1 

'•'      "     6108 

49 

18  44  41.61 

-19     4  44.4 

u                  u               .. 

7 

12  13  39.08 

+   9  12  47.6 

"      "     6075 

50 

18  33  17.72 

-19  11  16.8 

1.          .1         « 

8 

12  15  11.17 

+   95  46.9 

"      ■•     6087 

51 

18  36  22.30 

-19  11  42.1 

a                u             u 

9 

12 '26  45.62  1  -   4  31  43.7 

Strassburg  A.G.  Zones 

52 

21  41  23.04 

-22  55  18.1 

Cordoba,  G.C.  29773 

10 

12  20  57.03  1  -  4  20     5.1 

i<             .-1         11 

53 

21  39  42.77 

-22  59  57.8 

"     29745 

11 

12  18  22.20     -  4  26  48.8 

U                         1. 

54 

21  29  49.90 

-23  52  37.3 

"     29554 

12 

12  15  24.13  i  -  3  58  57.8 

u                  a 

5.5 

21  27  10.14 

-24  34  13.2 

«     29497 

13 

12  16  58.39  i  -  3  51  29.8 

a                 u 

56 

21  24  56.95 

-25  36  32.1 

"     29469 

14 

12     7  15.30     -   3     7     1.4 

a                  i. 

57 

21  23  10.56 

-26     3  29.9 

"     29420 

15 

12  11  24.21     -   2  42  19.2 

U                      X               u 

58 

21  25  14.18 

-26     7  36.5 

"     29473 

16 

12     6     0.77     -   2  36  44.9 

li                   .(             i( 

59 

21  14  16.11 

-26  44  39.8 

Paris  30036 

17 

12     8  25.30  i   -  2  51  12.0 

U                           <(                  « 

60 

21  15     3.98 

-27     3  59.6 

Cordoba,  G.C.  29259 

18 

12  24  52.39 

-  2  47  26.3 

u                   i<             a 

61 

21     7  39.34 

-28     0  25.3 

"           "     29093 

19 

12  23  33.54 

-   2  14     3.0 

Nicolajew,  A.G.  3421 

62 

21     6  39.43 

-28  17  34.7 

"           «     29068 

20 

12  14  15.42     -   1  .30  44.8 

"     3394 

63 

21     3  39.38 

-28  29  30.7 

"     29001 

21 

12  10     8.28     -  0  47  54.9 

"     3382 

64 

21     3  18.26 

-28  51  25.0 

"           "     28992 

22 

12     8  44.86     -  0  42  29.6 

"     3376 

65 

21     4  49.60 

-28  52  37.1 

"     29030 

23 

14  32  59.16     -14  -32  32.8 

Washington  A.G.  Zones 

66 

20  57  14.03 

-29  29     2.2 

"     28831 

24 

14  28  16.41     -14  35     9.5 

«               «         <i 

67 

20  58  29.70 

-29  31  18.8 

"     28863 

25 

14  29  13.43     -14  23     1.3 

U                          i<               u 

68 

20  49     0.06 

-29  46  10.8 

"     28668 

26 

14  29  40.64     -14  23  13.0 

11                       u              u 

69 

19     2  35.29 

-  2  38  48.2 

Strassburg,  A.G.  Zones 

27 

14  34     5.26     -14  15  43.2 

ii                      11             a 

70 

19     2  46.11 

-   2  36     6.5 

i(              .1         « 

28 

14  22  48.51  i  -13  57  22.9 

Camb.,  U.S.,  A.G.  Zones 

71 

19     3  15.61 

-  2  36  25.3 

<i                   a            u 

29 

14  14     5.03  1  -13  58  11.1 

a                    «            « 

72 

23  32  59.05 

-  6  30     9.7 

Wien,  A.G.  8359 

30 

14  19  26.29     -13  39     2.7 

<(                    «            u 

73 

23  33  39.48 

-   6  30  50.5 

"         "     8362 

31 

14  38  31.96     -  3  32  36.4 

Strassburg,  A.G.  Zones 

74 

23  36  59.21 

-   6  30  35.4 

"     8374 

32 

14  39  39.22     -   3  13  51.1 

a                    a            11 

75 

23  28  17.25 

-   6  55  32.4 

"     8343 

33 

14  42  40.94  1  -  3  34  35.3 

•  i                     <i             a 

76 

23  29  32.85 

-   7     0  21.3 

"     8347 

34 

14  31  58.62  1  -  3  51  57.6 

a                      a             <i 

77 

0  22  40.41 

+   6  42  30.6 

Leipzig  II,  A.G.  134 

35 

14  25     3.47  i  -  3  49  25.3 

«                      ii             « 

78 

0  15  54.37 

+   6  12  47.1 

"       91 

36 

14  23     4.60  i  -   3  57  42.2 

«                      «             it 

79 

0  19  59.44 

+   6  22  23.1 

"     113 

37 

14  22     6.95  '  -  3  59  48.3 

u                     u             « 

80 

0  17  10.80 

+   6  14  15.1 

"       97 

38 

14  21     9.28  i  -  4     1  33.5 

a                      u             u 

81 

0  10     7.76 

+  53  40.4 

1  ( r.ilb.-vny.  A.G.  8S  +  > 
^  i  Leipzig  II. A.G.  60.]  S 

39 

14  23  49.69  [  -  4  47  41.9 

(i                      .<             « 

82 

0     3  13.83 

+   4  23  58.5 

Albany,  A.G.    8 

40 

14  21  50.94     -  4  44  44.7 

(1                        a              .< 

83 

0     5  24.44 

+   4  21  45.3 

"     19 

41 

18  33  13.43  '  -21     7  49.8 

Algiers,  A.G.  Zones 

84 

0     5     2.56 

+  4  18  12.4 

"     17 

42 

18  34  22.78  :  -21     3     3.5 

a               «             u 

85 

0  12     9.94 

+   1  50  37.3 

"     42 

43 

18  24  10.85  i  -21     0  49.6 

"               "             " 

86 

0  12  39.93 

+   1  47  35.8 

"     44 
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* 

a 

s 

Authority 

* 

a 

S                                 Authority 

87 

0  13  58.01 

+   1  46  51.4     Albany,  A.G.  48 

129 

0  31     9.06 

+  6  37  58.4 

Leipzig  II,  A.G.  185 

88 

0     1  59.86 

+   1  19  54.3 

1  UAlbany.  A.G.  3+   1 

2  f  Nicolajew,  A.G.  1}  $ 

130 

0  27  29.60 

-1-    6  25  49.9 

'<        "       "     158 

89 

23  55  54.16 

+   1  31  22.2 

1  UAlbany,  A.G.  8226+  > 
•?  i  Kicolajcw.  A.G.  5936.]  i 

131 

0  18  19.76 

+   61  47.7 

"        «       "     103 

90 

23  54  58.54 

+   1  20  27.5 

1  «  [Albany.  A.G.  8221+? 
5  >  Nicolajew,  A.G.  6928]  i 

132 

0  20  58.41 

+   60  37.7 

<t        «       (I     122 

91 

23  47     5.93 

+   2  24     8.0 

Albany,  A.G.  8179 

133 

1  36  48.61 

-   3  26  24.2 

Strassburg,  A.G.  Zones 

92 

23  46     4.78 

+   2  24  15.4 

«     8175 

134 

1  35  11.00 

—   3  25  26.2 

ti                      u              u 

93 

23  44  39.80 

+   2  27  47.2 

"     8167 

135 

1  37  55.27 

-  4  10     6.0 

"              "         " 

94 

23  44  14.50 

+  1  53  54.0 

Paris  34279 

136 

1  31  54.89 

-  4  47  12.0 

"              "         " 

95 

23  39  17.69 

+   1  37     6.7 

Albany,  A.G.  8147 

137 

2  15     3.54 

+  13  51  42.8 

Leipzig  I,  A.G.  680 

96 

23  43  57.60 

+   1  41  15.0 

«     8162 

138 

2  19  35.00 

+  13  47  59.1 

"      698 

97 

22  35  20.20 

-   5  14  27.7 

Warschau  5708 

139 

2  12  37.19 

+  13  48  28.5 

"      671 

98 

22  28  57.95 

-   5  22  31.4 

5687 

140 

2     9  49.95 

+  11  17  21.7 

"      660 

99 

22  29  57.99 

-  5  32     9.0 

5692 

141 

2  10  47.22 

+  10  55     5.5 

«             "      668 

100 

22  27  39.96 

-  5  39  43.0 

Wien,  A.G.  8043 

142 

2     1  36.36 

+  10     1  27.8 

Leipzig  II,  A.G.  797 

101 

22  31  21.59 

-  5  38  44.9 

"     8062 

143 

2     0  20.11 

+    9  37  18.9 

"      790 

102 

22  23  55.59 

-   5  38  19.6 

"     8029 

144 

1  59  57.31 

+  9  39  39.7 

Leipzigll,  A.G.  789 

103 

0  26  42.50 

-11  47  52.3 

Camb.,  U.S.,  A.G.  Zones 

145 

1  58  57.00 

+   9  38  41.0 

"      781 

104 

0  29  35.18 

-11  48  26.7 

U                U              tl                It 

146 

1  40  12.50 

-14  18  36.5 

Washington, A.G.  Zones 

105 

0  24  21.44 

-12     7  28.0 

u               «             .<               « 

147 

1  45  26.63 

-14  10  32.7 

"               "         " 

106 

0  23  11.24 

-12  11     3.0 

U              11            '<              u 

148 

1  42  20.16 

-14  21  49.6 

U                              it                  (f 

107 

1  49  20.70 

+  10  56     4.8 

Leipzig  I,  A.G.  569 

149 

1  38  45.42 

-14  10  38.6 

"              "         " 

108 

1  50  30.87 

+  11  11  19.5 

"       «       "     574 

150 

1  41  49.26 

-13  58  36.4 

109 

1  45  49.56 

+  10  34  23.8 

i\'^&.t-°-'''^i 

151 

3  24  21.76 

+  18  24  44.9 

Berlin  A,  A.G.  932 

110 

1  36  16.62 

+   9  37  54.8 

Leipzig  II,  A.G.  633 

152 

3  25  29.25 

+  18  28  36.2 

"     935 

111 

1  37  34.55 

+   9  45  57.4 

"        "       "     643 

153 

3  11  50.54 

+  17  13  26.1 

"     877 

112 

0  62  15.17 

+   8  28     6.9 

u       u     323 

154 

4  49  20.72 

+  32  37  49.2 

Leiden,    A.G.  1798 

113 

0  42  18.02 

+   87  33.2 

"       "     260 

155 

4  54  46.06 

+  32  36  51.6 

«            "      1828 

114 

0  47  36.30 

+   88  56.9 

«        "       "     296 

156 

4  45     7.54 

+  32  44     8.5 

"            "      1785 

115 

0  41  58.17 

+   7  47  18.8 

"       "     257 

157 

3  49  41.39 

+  12  37  36.1 

Leipzig  I.  A.G.  1137 

116 

0  38     8.81 

+   83  11.0 

"        "       "     232 

158 

3  44  12.20 

+  12  37  13.1 

"     1112 

117 

0  34  22.62 

+   7  41     7.0 

"        "      "     209 

159 

4  20  56.85 

+  16  38  17.5 

Berlin  A,  A.G.  1176 

118 

0  34  47.51 

+  7  36     5.2 

"       "     213 

160 

4     3  20.11 

+  30  23  28.9 

I  i  [Cambridge  (EnR  ;,  2002  +  > 
?>  Leiden  15118.]                          S 

119 

0  24  10.91 

+  97  22.5 

"       "     140 

161 

4     4  20.31 

+30  23  56.4 

1  S  [Cambridge  (Eng.),  2005  + 
^  i  Leiden  15'(8.]                          S 

120 

0  24  56.26 

+   9  10  23.5 

«       "     145 

162 

4  43     6.30 

+  24  16  50.6 

Berlin  B,  A.G.  1530 

121 

0  20  25.38 

+   8  32  30.3 

«       "     116 

163 

4  39  32.26 

+  24  14     5.0 

"     1512 

122 

0  21  50.33 

+  8  37     0.5 

u          u         a      126 

164 

4  35     4.35 

+  23  37  33.3 

«     1488 

123 

0  22  18.94 

+   8  38     3.2 

u          a         u      132 

165 

4  50  50.88 

+  23     8  53.8 

"     1577 

124 

0  22     0.45 

+   82  12.1 

«       "     129 

166 

4  47  50.13 

+23     9  28.7 

"            «     1549 

125 

0  12  15.97 

+   7  22  37.6 

«       u       G4 

167 

4  45     0.87 

+  22  31  55.8 

"     1536 

126 

0  11  14.02 

+   7  29  35.9 

"       «       56 

168 

4  45  39.01 

+  22  47  47.8 

"            "     1538 

127 

0  34  12.15 

+   73  14.7 

«       "     205 

169 

4  48     9.16 

+  22  36  52.5 

"     1552 

128 

0  37     5.76     +   6  44  38.1 

"       "     226 

Nos.  64,  124,  169,  211,  212,  224,  257,  189,  405  and  322  were  found  photographically.     The  star  places  from  the  Cambridge  (U.S.), 
Algiers,  and  Strassburg  A.G.  Zones  were  furnished  through  the  courtesy  of  the  Directors  of  the  Observatories  at  tliose  places. 


N^OTE   ON   STELLAR  PARALLAX, 

By  a.  hall. 


In  the  interesting  volume  recently  published  by  the 
Yale  Observatory,  we  have  determinations  of  the  parallaxes 
of  163  stars  with  large  proper  motions.  The  parallaxes 
are  remarkably  small,  and  36  of  them  are  negative.  The 
greate.st  negative  parallax  is  —  0".13,  which  occurs  with 
three  stars.  If  we  consider  the  negative  values  as  caused 
by  errors  of  observation,  arising  from  changes  in  the  images 
of  the  stars  at  different  seasons  of  the  year,  from  changes 
of  temperature,  &c,,  we  are  led  to  take  ±  0".13  as  the  limits 
of  such  errors.  This  would  leave  only  17  parallaxes  as 
real.  But  the  great  preponderance  of  small  positive  paral- 
laxes, those  of  110  stars,  gives  a  probability  that  some  of 


them  are  real.  The  general  result  is,  I  think,  to  cast  doubt 
on  all  the  determinations  of  parallax  hitherto  made  The 
Yale  values  are  found  from  observations  made  with  the 
greatest  care,  and  with  an  instrument  well  adapted  to  such 
work.  These  results  bring  back  to  me  an  idea  that  oc- 
curred to  me  when  engaged  in  a  few  determinations  of 
this  kind ;  which  is,  that  we  ought  to  have  a  more  power- 
ful method  of  observing.  If  we  could  measure  from  a  line 
in  the  spectrum  of  a  star  we  might  gain  much  in  accuracy. 
But  whether  such  an  arrangement  is  within  the  power  of 
optics  I  do  not  know. 
1906  September  20. 
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MAXIMA   OF  LONG-PERIOD  VARIABLES. 


By  IDA  WHITESIDE. 


The  times  of  maxima  of  the  following  twenty  stars  were 
determined  from  the  single  light-curves  deduced  from  ob- 
servations made  with  a  four-inch  Dolland  telescope  : 

IIL'3.  U  Arietis. 
Thirteen  observations  of  this  star  were  made,  between 
November  25, 1905,  and  March  31, 1906.  The  curve  shows 
that  the  star  reached  a  maximum  of  7". 6  on  about  the 
date  predicted  in  Chandler's  Ephemerides  of  Lonrj-Period 
Variables  (Jan.  5,  1906).  The  curve  is  not  very  well  de- 
termined just  at  the  maximum,  but  shows  that  it  was  not 
far  from  the  time  predicted. 

5338.      U  Bootis. 
The  curve  for  this  star  is  also  rather  indeterminate,  but 
indicating  a  maximum  of  9". 7  on  or  near  May  1,  1906.    The 
series  of  observations,  ten  in  number,  extended  from  March 
28  to  June  27,  1906. 

5190.  R  Canielopardalis. 
Eight  observations  of  this  star,  made  between  Jan.  25 
and  March  28,  1906,  all  followed  maximum.  The  curve 
shows,  however,  that  a  maximum  of  about  8". 2  occurred 
before,  and  probably  near  Jan.  25,  1906.  The  time  pre- 
dicted was  Feb.  3,  190G. 

1623.      T  Camelopardalis. 
The  maximum  of  this  star  was  found   to   be  8". 2  on 
March  5,  1906,  quite  near  the  predicted  time,  March  1, 
1906.-    This  was  determined  from  ten  well-distributed  ob- 
servations made  between  Jan.  25  and  April  16,  1906. 

2735.  U  Canis  Majoris. 
Only  seven  observations  of  this  star  were  made,  but  they 
give  a  fairly  well-defined  curve.  Thi.s  shows  a  maximum 
of  9". 2  on  March  7,  1906.  The  observations  extended 
from  Feb.  23  to  April  13,  1906.  The  maximum  was  pre- 
dicted for  April  10,  1906. 

2942.     BT  Ci/gni. 
This  star  reached  a  maximum  of  6". 5  on  May  27,  1906. 
The  curve  was  determined  by  thirteen  observations,  made 
between  the  dates  Ajiril  28  and  Aug.  15,  1906.     The  pre- 
dicted time  of  maximum  was  June  10,  1906. 

7444.      T  Ddplilni. 
Ten  observations  of  this  star  were  made,  covering  the 
time  from  June  27  to  Sept.  14,  1906.     Tlie  curvature  of 
the  derived  curve  is  very  slight,  but  shows  that  a  maxi- 


mum of  9».9  occurred  on  July  29,  1906.  The  predicted 
time  was  June  6,  1906,  but  the  form  of  the  curve  is  such 
that  the  maximum  could  not  have  occurred  before  the  date 
given,  July  29. 

5770.  R  Hei-cidis. 
From  thirteen  observations  of  this  star  the  maximum 
was  found  to  be  9". 2  on  July  10,  1906.  The  star  was 
watched  from  May  19  to  Sept.  6,  1906,  and  the  maximum 
could  not  have  occurred  as  early  as  June  26,  the  predicted 
date. 

6044.  S  Hevcul'is. 
A  maximum  of  this  star  was  reached  on  May  9,  1906 
at  which  time  the  star  had  attained  a  magnitude  of  6".8. 
The  observations,  nine  in  number,  extended  from  April  18 
to  July  11,  1906.  The  curve  is  not  very  satisfactory,  and 
the  maximum  may  have  occurred  nearer  the  time  predicted. 
May  22,  1906. 

5950.      W  HerculU. 
Eight  observations  of  this  star  were  made,  between  April 
18  and  July  11,  1906.     They  give  a  well-defined  curve, 
which  shows  a  maximum  of  8". 6  on  May  12,  1906.     The 
date  predicted  was  June  8,  1906. 

3170.      S  Hydrae. 
A  maximum  of  7".8  occurred  on  Feb.  21,  1906.     The 
star  was  observed  ten  times,  from  Jan.  25  to  April  18 
1906.     The  curve  is  very  well  defined.     The  date  predicted 
for  the  maximum  was  March  27,  1906. 

3493.     R  Leonis. 
From  ten  observations  of   this  star  the  maximum  was 
found  to  be  5". 7  on  April  2,  1906.     The  observations  ex- 
tended from  March  12  to  May  18,  1906.     The  predicted 
date  of  maximum  whs  May  3,  1906. 

3567.      V  Leimis. 
This  star  had  a  maximum  of  9".0  on  Feb.  26,  1906.    The- 
twelve  observations  were  made  between  Jan.  18  and  April 
18,  1906,  and  gave  a  well-determined  maximum.     The  pre- 
dicted time  for  the  maximum  was  March  14,  1906. 

1222.     R  Persei. 
The  maximum  of  this  star,  8 ".8,  occurred  on  Jan.  30,. 
1906.     There  were  fourteen  observations,  extending  from 
Nov.  25,  1905  to  March  10,  1906.      The  maximum  was 
predicted  for  Jan.  25,  1906. 
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1717.  V  Tauri. 
Seven  observations  of  this  star  determined  tlie  maximum 
as  8". 8  on  March  22,  1906.  The  predicted  time  was  April 
6,  1906.  Though  there  are  only  a  few  observations,  they 
extend  from  Feb.  23  to  April  18,  1906,  and  give  a  well- 
determined  maximum. 

906.     /('  Triangiili. 
The  maximum    of   this  star  as  deduced    from  thirteen 
observations  was  6".0  on  Jan.  26,  1906.     The  observations 
covered  the  time  from  Dec.  16,  1905,  to  March  28,  1906. 
The  time  predicted  for  the  maximum  was  Feb.  17,  1906. 

3825.  B  Ursae  Majoris. 
From  eighteen  observations  the  maximum  of  this  star 
was  determined  as  7".7  on  March  4,  1906.  The  observa- 
tions extended  from  Jan.  18  to  May  29,  1906.  The  ob- 
served maximum  was  fifteen  days  ahead  of  that  predicted 
(March  19,  1906). 

4557.     S  Ursae  Majoris. 
Fourteen  observations  of  this  star  were  made,  between 
Feb.  23  and  June  27,  1906.     These  give  a  maximum  of 


8«.0  on  April  11,  1906.  The  form  of  the  curve  is  a  little 
doubtful,  and  the  predicted  date,  April  3,  1906,  is  very 
possibly  correct. 

4511.  1'  Ursae  Majoris. 
A  maximum  of  this  star  occurred  on  or  very  near  the 
date  predicted  for  it,  July  17,  1906.  The  star  then  had  a 
magnitude  of  8". 5.  Eight  observations  were  made,  ex- 
tending from  May  29  to  Aug.  16,  1906.  The  star  was  but 
very  little  fainter  at  the  time  of  the  last  observation  than 
at  maximum,  and  may  possibly  have  become  brighter  still, 
later  on,  but  it  was  impossible  to  observe  it  further. 

4521.  B  Virf/inis. 
Seven  observations  of  this  star,  made  between  May  22 
and  July  26,  1906,  show  a  well-determined  maximum  of 
6". 8  on  June  29.  The  time  predicted  for  the  maximum 
was  July  14,  1906,  but  the  curve  fell  very  rapidlj-  after 
the  maximum,  being  0".6  fainter  on  the  predicted  than  on 
the  observed  maximum. 

.South  Caiuhridge,  ls\Y.,  1906  October  10. 


OBSERVATIONS   OF   COMET  e  1906  (kopff), 

MADE    AT    THE    GOODSELL    OBSKRVATOEY    WITH    THE     16-IXCH     KEFRACTOR, 

By  H.  C.  WILSON. 
[Communicated  by  Wm.  W.  Payne,  Director.] 
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1  22"  38"25!l8 

2  22  36  52.18 

+  9  28  34.9 
+  9  21  42.3 

Mun.,31470,Mun.2l2650 

}  DM.  +9.6088.    micrometer  ) 
J  comparison  with  No.  1.     S 

3  22  27     5.30 

4  22  28     2.4 

+  7  18  31.3 

+  7     8- 

Gottingen  6230 
DM.  +6°5035 

The  observations  Sept.  6  and  26,  were  made  with  difficulty  in  bright  moonlight.      Those   on   Sept.  7  and   24   were  made   under 
more  favorable  circumstances,  and  are  fairly  accurate. 
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develop:sient  of  the  two  principal  non-secular  terms  in  the 

radius- vector  of  a  planet  which  are  independent  of 

the  mean  longitude  of  the  disturbing  planet, 


By    SIMON   NEWCOMB. 


1.  In  determining  the  indirect  action  of  a  planet  on 
tlie  moon  there  are  some  terms  in  the  longitude  and  radius- 
vector  of  the  earth  which  may  be  required  to  a  degree  of 
precision  even  higher  than  that  required  in  tabulating  the 
motion  of  the  earth  itself.  This  is  especially  the  ease  with 
the  constant  of  mean  distance  of  the  earth  from  the  sun, 
to  the  inverse  cube  of  which  the  disturbing  action  of  the 
sun  on  the  moon  is  proportional.  In  a  less  degree  the  re- 
mark may  be  true  of  the  annual  term,  which  gives  rise  to 
terms  in  the  longitude  of  the  moon  independent  of  the 
purely  lunar  arguments.  It  therefore  seems  desirable  not 
to  depend  solely  upon  the  numerical  values  of  the  terms  in 
question  which  have  been  derived  in  the  construction  of 
solar  and  other  tables,  but  to  develop  the  required  quanti- 
ties in  an  algebraic  form.  This  I  have  done  for  the  con- 
stant term  of  log  i;  and  for  the  coefficients  depending  on 
the  mean  anomah'.  The  terms  depending  on  higher  multi- 
ples of  the  mean  aiomaly  than  the  first  are  deemed  to  be 
entirely  insensible  for  any  practical  astronomical  purpose. 
It  is  also  the  case  that  the  perihelion  and  eccentricity  of 
the  earth's  orbit  are  so  adjusted  as  to  represent  all  the 
terms  in  the  longitude  which  depend  upon  the  mean 
anomaly  simply.  The  problem  before  us  is,  therefore,  that 
of  deriving  the  terms  in  the  radius-vector  after  the  adjust- 
ment in  question  has  been  made. 

The  developments  have  been  carried  to  terms  of  the 
second  order  in  the  eccentricities  and  mutual  inclination, 
this  being  deemed  amply  sufficient  for  the  purpose.  To 
reduce  to  a  minimum  the  complexity  and  possible  confusion 
arising  from  the  double  classification  of  the  two  planets  as 
disturbed  and  undisturbed  —  outer  and  inner  —  the  formu- 
las will  first  be  developed  on  the  hypothesis  that  the  outer 
planet  is  the  disturbing  one.  Its  elements  are  therefore 
represented  by  accents.  The  transformation  when  the  dis- 
turbing planet  is  an  inner  one  is  in  the  present  problem 
very  simple. 


To  insure  the  correctness  of  the  developments  a  complete 
duplicate  computation  of  most  of  the  formulas  has  been 
made  by  my  assistant,  Miss  Isabel  Maktin. 

2.  Notation.  In  the  main  the  usual  astronomical  nota- 
tion is  adopted,  and  so  far  as  this  is  the  case  no  definitions 
are  necessary.  But  there  are  certain  modifications  which 
I  have  used  in  nearlj-  all  my  work  on  the  subject,  and 
which  I  have  found  so  conducive  to  simplicity  and  to  accu- 
racy of  thought  that  I  cannot  but  feel  they  should  be  more 
generally  adopted.  They  are  largely  based  on  the  general 
principle  that,  so  far  as  practicable,  algebraic  symbols  should 
represent  pure  numbers,  independent  of  the  special  con- 
crete units  that  may  be  adopted.  This  advantage  is  especi- 
ally marked  in  the  case  of  the  mgan  distance,  a  linear 
quantity  of  which  I  use  the  logarithm,  based  on  an  arbi- 
trarj-  unit  never  necessary  to  define,  instead  of  the  line 
itself.  I  shall  represent  the  partial  derivative  as  to  log  a 
by  the  symbol  D,  so  that  we  shall  have  symbolically, 

D  =  a  —  =  aDa 
da 

I  also  use  the  Cauchv  notation  D^  for  a  derivative  as  to 
X.  To  simplify  still  farther  the  processes  of  development 
and  integration,  the  differential  coefficients  as  to  the  time 
are  taken  as  to  nt,  the  mean  longitude  or  mean  anomaly  of 
the  disturbed  planet.  The  symbol  «  is  used  for  the  ratio 
of  the  mean  distances,  taken  less  than  unity.     I  also  put 

A,  the  linear  distances  of  the  planets. 

i?  =  l 
A 

A^,  coefficients  determined  by  the  development 

^'  =  «'^'o  =  ^y^c  cosi(z'-o 

when  e  and  e'  vanish. 

/x,  the  sum  of  the  masses  of  the  sun  and  the 
disturbed  planet. 

(Ill) 


IV. 


THE     ASTRONOMICAL     JOURNAL. 


N°-  590 


Jr  = ^  =        u 

t>  =  log  r 

As  R  is  above  defined  it  is  of  dimensions  —  1  as  to 
length.  The  actual  numerical  developments  are  therefore 
those  of  a'R,  in  order  that  they  may  be  purely  numerical. 

w,  the  longitude  of  the  perihelion,  is  used  in  the  develop- 
ment as  if  counted  from  the  common  node,  but,  in  the 
present  problem,  the  point  from  which  it  is  counted  is  in- 
diiferent ;  I  therefore  put,  for  brevity, 

A/  =  ,r  -  tt' 

o.  The  development  of  it  which  I  have  used  is  that 
found  in  Astronomical  Papers  of  the  American  Ephemeris, 
Vol.  V,  Pt.  I.*  I'he  notation  there  used  is  partly  taken 
from  Vol.  Ill  of  the  same  series,  where  the  signification  of 
the  coeiBcients  .^l  is  fully  given.  Selecting  only  the  special 
terms  necessary  to  our  purpose,  we  find  them  to  be 

,a'R  =  \{PS^(,r  +  e'')PS (/  =  0) 

I  +  (P,i  +  e^/',2  +  e"P,',V)«cos,y (/  =  0) 

\  +  P|  e^  cos  2</ (/  =  0) 

(1)  /  +  Prl,  <;-«'cos(,r'-7r  +  i/) (,-  =  +1) 

+  (P„%'  +  «^P,=-,')«'C0S(:r-:r'  +  ^)      .    .    (/  =   -1) 

+  P,',V  ee'  C0S(,r--n-'  +  2.'/) (i  =   _1) 

+  Pii^i  ee'  cos  (tt-tt') (/  =  _1) 

The  symbolic  values  of  the  coefficients  P  are  :  — 

P^  =  --^0 

P^  =\{D  +  D"-)A, 

PI  =-\DA^ 

P-r  =  +i{-3-D+D')A, 

(2)  ^  P,!v  =  -i(^'+^')'-h 

po.i  =  +},(-l+B)A, 

P,>./  =  -I  (-2 +.3/^-7/-) -J, 
PM,=  +i(2-i)-i>^)J, 
P„%\  ^  ^L  (1  -27^+0I/-+i>»)  Ai 

There  is  also  a  term  of  the  second  order  in  the  incli- 
nation depending  on  twice  the  argument  of  the  latitude  ; 
but  this  term  is  omitted  because  it  will  be  multiplied  by 
the  eccentricities  in  the  actual  development,  and  will  there- 
fore be  of  an  order  higher  than  the  second. 

It  is  also  to  be  remarked  that  the  symbols  A^  and  -Jj  dif- 
fer from  the  usual  ones  in  that  they  include  the  terms 
depending  on  the  mutual  inclination  of  the  orbits.  Their 
special  values  are  found  in  the  work  already  referred  to. 


4.  Taking  the  orbit  of  the  planet  as  the  plane  of  refer- 
ence the  equations  to  be  integrated  may  be  written  in  the 
form 


Il„u   = 


I>J.  =  -2 


dR 


-^aI)R+  — 


dR 


I),„e    = 


III'  cos  q 


dR 


9R 


(3) 


el>..,n  = 


m'                  DR 
—  cos  qp  a 


Taking  these  expressions  as  the  base  of  our  work,  the 
formation  of  the  partial  derivatives  of  R  as  to  the  elements 
and  the  integration  are  processes  so  simple  that  no  details 
need  be  presented,  unless  such  as  may  enable  the  reader  to 
detect  any  error  or  imperfection  in  the  work.  The  results 
of  the  two  processes  can  be  most  succinctly  mastered  by 
noting  that  by  the  integration,  the  inequalities  of  each  ele- 
ment (the  secular  variation  of  e  and  tt  being  omitted  as  not 
entering  into  our  problem),  come  out  in  the  general  form 
8  log  <i  =  8„«  +  «,  cos  r/  +  «,,  cos  2;/  +   .  .  . 

Be  —  8,«  +  «,  cos  q  +  e„  cos  '2(j  +  «,'  cos  (fl+i/) 
+  e/  cos  (ri+2ff) '+  e/'  cos  (-n+'j) 

Sir  =  S„7r  +  TTj  sin  g  +  v„  sin  2y  +  tt,'  sin  (n+ff)    )      (^) 
+  7r„'sin  {n+2(j)  +  TT,"  sin  (-H+rj) 

8/  =  SJ  +  Zj  sin  ff  +  h  sin  2r/  +  l^'  sin  (n+g) 
+  L"  sin{n+2ff) 

S.  meaning  the  arbitrary  constant  of  integration,  and  p,  ,  tt,, 
etc.,  being  coefficients  to  be  determined. 

The  constant  S^a  is  determined  by  the  condition  that  the 
actual  mean  motion  as  derived  from  observation  shall  be 
related  to  the  undisturbed  n  by  the  condition 
«'/r  =  fjL 

The  constants  of  e,  tt  and  I  are  to  be  determined  by  the 
condition  that  the  undisturbed  values  of  these  elements 
shall  represent  the  terms  of  the  actual  longitude  of  the 
planet  which  depend  on  f/  simply. 

The  actual  mean  longitude  of  the  planet  being 

/,+fndt 
the  actual  mean  motion  is 

For  the  constant  term  of   I>,1^   we   find,   from   the   given 

equations, 

SJ},/^=-Mn  \l>P„"+(e'+e'-')nP^-  +  2ee'  cos// 7>P1-,,',  |     (5) 

+  J\Jn   \  ^P„--h?-f  eos/ZPl- 


The  arbitrary  constant    o„a    is  now  determined  by  the 
condition  S«8„«  —  SZ)/„  =  0 
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(-6)    B^K  =  -•^M\DPo^+(e^+e'-')r>P,f-{-2ee' cosHDPX.l 
+  '^M\e-P,''+ee' cos  nP}:,],\ 

The  process  of  differentiating  the  seven  terms  of  R 
already  given,  substituting  the  jjartial  derivatives  in  (3), 
and  integrating,  need  not  be  set  forth  in  detail.  Carrj'ing 
it  through,  putting  1  — ^  e"  for  cos  cf,  and  dropping  all  terms 
above  the  second  order,  we  find  the  following  values  of  the 
coefficients  which  enter  the  forni.s  (4).  the  factor  31,  com- 
mon to  all  the  coefficients,  being  omitted. 

«!  =  2eP,' 

e.  =  eP„- 

«-/'  =  2ee'  F.r-_1, 

e^,  =  P/  +  e-(3P,'-UV)  +  e'-P.'f 

=  ei  +  2e-P,'  +^('-P,' 
eTTj  =  eP^^  =  e, 
e,r,'  =  2ee'  P^ 
eW  =  ie'P;:l  =^  ej 
eirl'  =  2ee'P.rl,    =  e," 
/,  =  -e(§P,i+2Z)P,') 
/.,  =  ~e'{P„J+I)P„y) 
//  =   _f'(3P;;,  -|-2/>P„",') 

/,'  =  -fe'{\Pi:i  +  DPi:^) 

For  convenience    I    also  express    eSy  =  eS/  —  cStt    in  the 
same  form  as  the  elements,  putting 

e^g  =  j^i  siur/  +  ri„  sin  2</  +  i/i'  sin  (fl+;/) 

+  !/J  sin  (Il  +  2y)  +  .7/'  sin  (— r/+f/) 
where 

;/,  =  r/,  —  ,'7r, ,  etc. 

5.     We  ne.xt  express  8p  in  terms  of  S  of  elements, 
/       &p  =  &a  + ie&e  -  {l—%r-^cosff8e 


(') 


—  I  e  cos  2.(7  8e 

+  (1  —  I  e^)  sin  jf  eSr/ 

+  J  e  sin  2,r/  bS*/ 


and  substitute  the  symbolic  expressions  for  8«,  etc.,  lead- 
ing to 

(8)J  +lie(r72'-e2')  +  i(^i'+r/i"-0<  ("os // 

+  ^  a,  -  8/  -  i  ee,  +  f  ejr,  -H  ^  (i/,  -  e.,)  \  cos  .7 
+  l«i'+  i  (^2'  — 82')!  Cos(r/+ir)  -1-  e8„f/  sin  r/ 
In  order  to  determine  the  arbitrary  constants  of  e  and  tt, 


v> 


(9) 


(10) 


it  is  necessary  to  express  8('  in  the  same  way  as  Sp.     Corre- 
sponding to  (7)  we  have 

8i-  =  8/  +  2  sin  r/Se  +  |  sin  2.'/e8r  j 

+  2  cos  'jeS;/  +  f  cos  2y«''%  i 

Substituting  the  symbolic  values  of  8/,  etc.,  and  retaining 
onlj-  constants  and  terms  to  the  second  order  in  r/  we  find 

Br  =   ll^  +  2S„e  +  f/j -e„+^e  (e^ - ;/^) ^  sin  ;/ 
+  2e  (8^1  -  8„7r)  cos  ;/ 
+  {h'-^Vi'-eJ)  sin  (//+;/) 
+  l'/i'-«i'-.'?i"  +  «."  +  S  e(>/-eV)|  sin//+8„. 
Noting  the  relations  between  g^  ,  e^  ,  etc.,  we  find  the  co- 
efficient of  sin  g  in  (10)  to  be 

28(,e  +  /,  -  2^.,+  ^  ee,  +  (l,'  +  'jJ-eJ)  cos  // 
which,  equated  to  0,  gives  8„p. 

The  constant  term  of  hv,  eqnated  to  0,  gives  for  8^/  a 
quantity  of  the  second  order  in  e  and  c'.  This  being  again 
multiplied  by  e  in  8p,  is  dropped. 

We  find  the  coefficients  of  cos  g  in  8c  to  be 
-2«8„7r  +  (/,'+2f/,')sin// 
which,  equated  to  0,  gives  h^ir. 
The  value  of  S^k  is  given  in  (6). 

6.  The  values  of  the  arbitrary  constants  and  of  the  other 
terms  of  8p  are  now  to  be  expressed  in  terms  of  P^/  through 
the  values  of  a^ ,  e,  ,  etc.,  already  given.  Then,  the  P's  are 
to  be  replaced  by  the  .Vs  through  (2). 

Using  the  form 

8p  =  80P  +  81P  cos  //  +  p^  cos  g  +  p,  sill  g 

III ' 
or,  restoring  the  factor  —  a 
f 

8p  =  —  ('.\Pf,-\-piCo&tl-\-{p^  ,,-t-p,  ,eos//)cos.'/-|-p,,,sinnsinr/j 

we  find 
p„  =  - 1  DA,  +  Ij  (3/^-8//^-  2T>')  A,  -  j|  {U'+  U')  A^ 

p^  =  '^i-7I>+-^J>'  +  21>')A,  (11) 

Po..=|  (3i>+2i/-).-(„  ;  p,,  =  J  (l-inA, 

1'his  is  the  solution  for  the  action  of  an  outer  on  an  inner 
planet. 

7.  Action  of  an  Inner  on  an  Older  PlanH.  This  action 
is  derivable  from  the  preceding  by  an  interchange  of  the 
accented  with  the  unaccented  elements  and  operations.  A 
being  symmetrical,  the  required  interchange  is  eifected  by 
writing,  in  the  fundamental  equations 

for 


/*'  = 


81og« 


A  A 

^^  =  _  (!  +  />)  for  /' 
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Now,  in  the  value  of  R  as  actually  developed  and  justused,  let 

n'B  =  7'e  cos  N 

be  any  one  term  of  E.      The  corresponding  term  in   the 
action  of  an  inner  on  an  outer  planet  is 

aR  =  P'e'  cos  xV 

the  accent  indicating  an  interchange  of  accented  and  un- 
accented elements.     Expressing  Sp'  in  the  form 

Bp'=  m\p^'+p^'cosn'+(p\  .,-fp',,  ,cos77')cos  y'+/oJ.,,  sin//'sin  r/'  j 

where  //'  =  -n-'  —  tt  =  —  // 

we  find 


48 


(12) 


+  ^  {D  +  2I)'  +  D')A^ 


,'  =g(lU  +  ll/>-7/-2Z>«)J, 


p'o..=  ^(-l+^'+2^=)J„ 


p',,.=  -(2/>+/>^)  =  -pV, 


p',,=  --(2/>+i)^3.l„ 


These  last  results  have  been  reached  by  an  independent 
development,  in  order  that  the  known  relation  between  the 
two  actions  may  serve  as  a  verification  of  the  accuracy  of 
each.  The  transformation  of  the  expressions  (11)  into  (12), 
or  vice  versa,  by  substituting  —  (l  +  i*)  for  D  is  very  simple. 

S.  If  it  be  desired  to  use  the  more  familiar  coefficients 
S;;'  instead  of  A„  and  J,,  and  the  derivatives  as  to  «  or  a 
instead  of  those  as  to  log  n,  it  may  be  done  by  the  substi- 
tution 

A,  =  /V'-i<rV(6i'"  +  /.H 

where  o-  =  sin  i  mutual  inclination. 

To  introduce  the  derivatives  as  to  a  or  a  instead  of  the 
logarithmic  derivatives,  we  have  the  forms 

I)  =  aD, 

Ifi=  aD,  +  a-DJ 


OBSERVATIONS   OF  MINOR  PLANETS  AND   COMETS, 

MADE   WITH    THE   26-lNCH    EQUATORIAI,   AT    U.S.  NAVAL   OBSERVATORY, 

By  .J.  C.  HAMMOND  and  M.  FREDERICKSON. 
[Communicated  by  Rear-Admiral  Asa  Walker,  U.S.N.,  Superintendent.] 


1901)  Wash.  M.T. 

* 

Comp. 

Ja 

j8 

App.  a       App.  6 

logpA 

Red.  to 

App.  PI. 

(95)  Arethusa 

Jan.  5 

10  8  43 

1 

25,5 

+  0"'44!86 

+ 

3  36'6   6''27" 

19.38 

+  11 

40  3.4 

W9.200 

0.611 

+  0.74 

-  8.9* 

o 

10  19  26 

2 

24  ,  5 

+  0  9.64 

_ 

4  20.0   6  27 

18.99 

+  11 

40  3.6 

«9.139 

0.608 

+  0.74 

-  8.9* 

5 

10  26  54 

3 

25  ,  5 

-0  11.59 

-1- 

•1  17.7   6  27 

18.64 

+  11 

40  3.2 

?i9.090 

0.607 

+  0.74 

-  8.9* 

6 

10  59  14 

4 

25,  5 

-1  32.48 

+ 

2  36.2   6  26 

25.12 

+  11 

38  2.4 

?<8.687 

0.603 

+  0.75 

-  9.0* 

(347)  Pariana. 

Jan.  9 

10  22  53 

5 

25  ,5 

-1  35.36 

+ 

6  55.9 

6  27 

44.82 

+  28 

37  45.8 

/i9.051 

0.209 

+  0.83 

-  8.0t 

18 

10  0  29 

6 

25,5 

+  1  48.76 

— 

4  58.6 

6  18 

39.31 

+  29 

23  11.1 

?«8.696 

0.159 

+  0.86 

-  7.0t 

18 

11  1  19 

7 

25,5 

-2  38.68 

_ 

0  42.9 

6  18 

37.25 

+  29 

23  23.0 

8.880 

0.165 

+  0.86 

-  ".It 

20 

14  22  24 

8 

23  ,  5 

+  1  29.30 

_ 

2  8.6 

6  16 

42.11 

+  29 

32  46.7 

9.663 

0.499 

+  0.86 

-  6.9t 

28 

9  15  3 

9 

20  ,  5 

+  0  30.20 

_ 

5  29.8 

6  10 

49.93 

+  30 

2  25.1 

w8.777 

0.130 

+  0.82 

-  6.1t 

28 

10  7  24 

10 

8  ,  8 

-0  4.86 

+ 

0  31.0 

6  10 

48.74 

+  30 

2  32.5 

8.784 

0.130 

+  0.83 

-  6.1t 

(68)  Leto. 

Jan.  10 

9  58  14 

11  25  ,  5 

+  2  29.32 

+ 

0  30.5   8  32 

44.85  +30 

20  55.2 

M9.601  0.392 

+  0.68 

-  9.9* 

10 

10  12  17 

12  25  ,  5 

+  0  18.58 

+ 

0  15.2   8  32 

44.45  +30 

20  57.1 

M9.576  0.364 

+  0.67 

-10.0* 

(17)  Thetis. 

Jan.  28 

13  11  3 

13 

25  ,  5 

-2  36.58 

+ 

2  11.7 

8  50 

57.00 

+  18 

22  32.7 

9.022 

0.493 

+  0.88 

-  9.4t 

29 

10  31  7 

14 

25,5 

+  1  26.99 

_ 

7  28.2 

8  50 

4.09 

+  18 

27  50.0 

M9.329 

0.514 

+  0.90 

-  9.4t 

29 

11  1  45 

15 

25,5 

+  2  46.58 

_ 

4  33.9 

8  50 

2.97 

+  18 

27  56.5 

?i9.186 

0.499 

+  0.90 

-  9.4t 

Feb.  4 

12  51  19 

16 

25  ,5 

-1  25.03 

_ 

6  48.1 

8  44 

0.01 

+  19 

4  2.7 

9.133 

0.484 

+  0.95 

-  9.5t 

5 

11  24  44 

17 

25  ,  5 

+  2  55.04 

+ 

0  6.5 

8  43 

4.43 

+  19 

9  30.4 

M8.548 

0.470 

+  0.95 

-  9.5t 

15 

9  59  50 

18 

25,5 

+  0  1.88 

+ 

3  0.6 

8  33 

45.21 

+  20 

3  18.0 

»9.048 

0.459 

+  0.97 

-  9.1t 

15 

10  12  5 

19 

25,  5 

-0  34.99 

- 

3  7.8 

8  33 

44.63 

+  20 

3  19.6 

W8.936 

0.455 

+  0.97 

-  9.1t 
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1906  Wash'n  M.T. 

* 

Comp. 

Ja 

JS 

App.a 

App.  6 

logpA 

Red.  to 

A.pp.  PI. 

(184)  Dejoprj,,. 

Jan.  30 

tl    III    8 

13  34  11 

20 

25  ,  5 

+o" 

3L21) 

+ 

1  UA\    7"  55"  30.22 

+  21  43 

39.4^ 

9.442 

0.478 

+  0.92 

-  g'ot 

31 

12  :n   29 

21 

25  ,  5 

-1 

47.47 

— 

5  57.7 

7  54  43.41 

+  21  45 

35.9 

9.220 

0.434 

+  0.93 

-  9.0t 

Feb.  2 

11  59  40 

22 

25  ,  5 

+  2 

18.92 

+ 

2  58.0 

7  53  9.16 

+  21  49 

7.3 

9.079 

0.420 

+  0.93 

-  9.0t 

o 

12  24  16 

23 

25,5 

+  1 

22.68 

_ 

S  24.0 

7  53  8.31 

+  21  49 

8.9 

9.232 

0.4.34 

+  0.93 

-  9.0t 

•> 

12  49  59 

24 

25,5 

+  3 

31.07 

- 

5  45.4 

7  53  7.52 

+  21  49 

9.4 

9.345 

0.452 

+  0.93 

-  9.0t 

( 

-)43 

Charlotte  [1904  0T\ 

Feb.  13 

9  33  24 

25 

25  ,  5 

-1 

10.74 

_ 

3  29.8 

8  31  35.79 

+  15  24 

14.4 

'rt9.237 

0.557 

+  0.97 

-  9.6t 

13 

9  48  14 

26 

25  ,  5 

-1 

6.21 

+ 

2  50.6 

8  31  35.26 

+  15  24 

13.2 

W9.157 

0.552 

+  0.97 

-  9.6t 

22 

11  42  49 

27 

25  ,5 

+  3 

31.54 

— 

1  55.1 

8  25  8.65 

+  15  31 

17.4 

9.242 

0.555 

+  0.93 

-  9.7t 

22 

12  3  2 

28 

25,5 

_2 

20.20 

— 

4  9.3 

8  25  7.82 

+  15  31 

18.1 

9.328 

0.563 

+  0.94 

-  9.6t 

22 

12  33  24 

29 

25  ,  5 

-1 

54.38 

- 

7  29.9 

8  25  7.07 

+  15  31 

18.9 

9.427  '  0.578 

+  0.94 

-  9.6t 

(364)  Isara. 

Feb.  13 

12  25  29 

30 

20  ,4 

-1 

14.40 

_ 

2  58.2 

9  32  8.06 

+  21  31 

28.8 

8.756 

0.418 

+  0.99 

-  9.2t 

17 

10  44  28 

31 

25  ,  5 

+  3 

3.52 

_ 

0  27.4 

9  28  5.53 

+  21  59 

2.6 

n9.067 

0.416 

+  1.01 

-  9.1t 

19 

10  43  46 

32 

25,5 

+  1 

1.51 

— 

1  27.6 

9  26  6.34 

+  22  11 

54.5 

M8.990 

0.407 

+  1.02 

-  9.1t 

19 

11  0  55 

33 

24,5 

-0 

48.80 

— 

4  8.2 

9  26  5.55 

+  22  11 

59.6 

mS.786 

0.402 

+  1.02 

-  9.1t 

28 

12  53  20 

34 

25,5 

_2 

12.72 

_ 

2  54.6 

9  18  4.33 

+  22  59 

11.9 

9.420 

0.446 

+  1.01 

-  8.3t 

28 

13  12  42 

35 

25  ,  5 

o 

1.22 

- 

0  47.5 

9  18  .3.69 

+  22  59 

15.7 

9.473 

0.465 

+  1.01 

-  8.3t 

(118)  Peitho. 

Feb.  15 

12  43  19 

36 

25  ,  5 

_2 

56.38 

+ 

3  32.6 

9  41  4.29 

+  28  34 

36.5 

8.992  1  0.206  +1.01 

-  S.9t 

27 

12  8  16 

37 

20,4 

-0 

25.14 

+ 

7  10.7 

9  29  17.15 

+  28  62 

19.4 

9.180 

0.217  +1.04 

-  7.6t 

27 

12  34  54 

38 

25,5 

+  1 

26.99 

+ 

5  20.2 

9  29  16.30 

+  28  52 

19.3 

9.319 

0.250  +1.04 

-  7.6t 

27 

12  57  37 

39 

25,5 

-1 

47.72 

+ 

6  47.0  i  9  29  15.38 

+  28  52 

17.0 

9.406 

0.285  !  +  1.04 

-  7.6t 

(335)  Roberta. 

Feb.  15 

14  12  19 

40 

25  ,  5 

+  1 

30.97 

_ 

0  16.0 

8  9  32.08 

+  17  40 

43.6 

9.600 

0.610  +0.93 

-  9.4t 

17 

8  53  46 

41 

25  ,  5 

2 

7.34 

— 

3  11.4 

8  8  10.78 

+  17  48 

15.4 

?i9.245 

0.516 

+  0.93 

-  9.4t 

19 

8  45  8 

42 

25  ,  5 

o 

5.42 

_ 

1  1.7 

8  6  43.89 

+  17  56 

24.4 

M9.242 

0.514 

+  0.91 

-  9.4t 

19 

9  5  25 

43 

25  ,  5 

-1 

56.27 

— 

4  3.3 

8  6  43.37 

+  17  56 

28.3 

W9.128 

0.506 

+  0.92 

-  9.3t 

19 

9  23  37 

44 

20  ,  4 

-0 

7.53 

+ 

0  45.9 

8  6  42.63 

+  17  56 

.32.1 

)j8.987 

0.500 

+  0.91 

-  9.4t 

(178)  Belisana. 

Feb.  16 

8  53  30 

45 

25  ,  5 

-0 

27.09 

+ 

1  26.1 

10  38  58.18 

+  11  51 

0.8 

«9.608 

0.670 

+  0.96 

-  8.8t 

25 

10  44  42 

46 

25,  5 

+  0 

30.94 

+ 

4  53.7 

10  30  25.82 

+  12  40 

39.7 

W9.232 

0.598 

+  1.05 

-  9.1t 

25 

11  8  36 

47 

25  ,  5 

+1 

0.35 

+ 

0  56.9 

10  30  24.97 

+  12  40 

44.9 

?i9.093 

0.592 

+  1.05 

-  9.1t 

(550)  [1904  PL-]. 

Feb.  16 

10  52  46 

48 

20  ,  4 

+  0 

16.79 

— 

4  7.6 

9  42  58.93  +  0  36 

36.8 

M9.109 

0.735 

+  1.07 

-  9.6t 

16 

11  11  30 

49 

25  ,  5 

—  2 

26.97 

+ 

4  18.7 

9  42  58.26 

+  0  36 

41.4 

»8.964 

0.734 

+  1.07 

-  9.6t 

23 

11  53  23 

50 

25  ,  5 

+  0 

40.90 

4- 

6  49.6 

9  36  37.54 

+  1  2 

16.6 

8.767 

0.730 

+  1.09 

-10.4t 

Mar.  5 

9  47  57 

51 

23,5 

+  2 

;;7.50 

+ 

3  29.9 

9  28  22.94 

+  1  43 

29.4 

n8.984 

0.724 

+  1.05 

-11.2t 

5 

10  12  6 

52 

25  ,  5 

_  2 

44.81 

+ 

2  28.4 

9  28  22.11 

+  1  43 

.32.8 

»8.687 

0.723 

+  1.06 

-ll.lt 

(359)  <ie,orgiii. 

Feb.  19 

13  57  32 

53 

25  ,  5 

-1 

24.35 

— 

5  54.1   9  10  30.56  +23  56 

47.9 

9.517  0.466  +1.01 

-  8.8t 

23 

13  0  19 

54 

25  ,  5 

+  0 

36.59 

+ 

1  35.4   9  7  3.74  +24  2 
(514)  [1903  J//;]. 

23.8 

9.418  0.422  +1.01 

-  8.4t 

Mar.  4 

11  49  2 

55 

25,5 

-0 

16.93 

+ 

3  23  2 

10  22  12.01 

+  4  34 

39.2 

8.476 

0.693  1  +  1.11 

-  9.7t 

4 

12  0  36 

56 

5,  1 

+  0 

54.02 

+  10  12.4 

10  22  11.67 

+  4  34 

40.9 

8.725 

0.693  1  +  1.11 

-  9.7t 

5 

11  40  40 

57 

23  ,  5 

-1 

16.92 

— 

8  25.0 

10  21  26.74 

+  4  38 

56.5 

8.353 

0.692  1  +  1.11 

-  9.7t 

21 

10  42  52 

58 

25,5 

+  2 

18.64 

+ 

0  39.3 

10  10  46.28 

+  5  44 

53.3 

8.733 

0.680  1  +  1.04 

-10.lt 

21 

10  59  56 

59 

25,5 

-1 

38.80 

+ 

1  34.9 

10  10  46.10 

+  5  44 

56.4 

8.945 

0.681  +1.05 

-lO.Ot 

21 

11  23  19 

60 

25,5 

-1 

50.15 

- 

6  9.4 

10  10  45.41 

+  5  45 

1.1 

9.126 

0.682  +1.05 

-lO.Ot 

(333)  Badenia. 

Mar.  22 

13  1  22 

61 

25  ,  5 

+  0 

45.08 

+ 

4  40.2  1  10  40  15.13  |  +  9  28 

16.0 

9.426  1  0.653  i  +  1.09 

-  9.0t 
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1906  Wash.  M.T. 

* 

Comp. 

Ja 

jS 

App.a 

App.  8 

logpA 

Red.  to  App.  PL 

(332)   Sin. 

Apr.    1  13  32"    8 

62     25  ,  5 

+  o"'43!64 

_ 

5  53.1 

12  17  13.05 

+   0  10     8.6 

9.338 

0.739 

+  1.27  -   7.7t 

1  13  57  37 

63 

25,5 

-0  49.55 

— 

5  56.9 

12  17  12.08 

+  0  10  13.1 

9.417 

0.739 

+  1.27  -   7.7t 

3  10  31  54 

64 

25,4 

+  0  12.98 

_ 

5  10.3 

12  15  40.96 

+   0  IS  20.5 

W9.056 

0.737 

+  1.27  -   7.8t 

3  10  50  50 

65 

25  ,  5 

+  1  37.60 

_ 

6  U.5 

12  15  40.35 

+   0  18  24.7 

W8.884 

0.737 

+  1.27  -   7.8t 

3  11     6  45 

66     25  ,  5 

-1   10.65 

— 

3  13.2 

12  15  39.81 

+   0  18  29.6 

n8.654 

0.737 

+  1.27  -   7.7t 

(484)  Pitfsliiuy/hio. 

Apr.    2  10  43  45  1 

67     25  ,  5 

+  0  38.56 

_ 

4  21.1     12  16  34.59     +15  35  .SI. 4     »9.016  ,0.544    +1.20  -    6.6* 

2  11     5  42 

68     25  ,  5 

+  3  27.59 

+ 

3  14.2    12  16  33.97     +15  35  37.4    «8.770    0.540   +1.20  -   6.6* 
(86)  Se.mele. 

Apr.    3  13  43     5 

69     24  ,  5 

+  1  32.68 

+ 

4  34.0     11  49  30.92     +   8  12  12.5  •    9.473    0.071    +1.19  -   7.7t 

3  14     7     5 

70     20  ,  4 

+  1  54.42 

+ 

7  57.3    11  49  30.41     +   8  12  13.1       9.522    0.678    +1.19  -   7.7t 
(324)   Bamhertjn. 

Apr.    6  11  10  39 

71 

25,5 

-1     7.20 

_ 

4  38.0 

12  46  20.76 

-17  46     0.4    w8.S94  |  0.863 

+  1.50  -   7.1* 

6  11  24  17 

72 

5  ,  1 

-3  29.82 

+ 

4  46.2 

12  46  20.39 

-17  45  57.9 

?i8.698  :  0.864 

+  1.51  -   7.0* 

10  10  23  51 

73 

25  ,  5 

-0  15.65 

+ 

4  26.8 

12  42  53.29 

-17  30  10.0 

W9.129  ^  0.859 

+  1.52  -   7.6* 

13  10     3  44 

74 

25  ,  5 

+  0  30.89 

— 

1  32.5 

12  40  19.14 

-17  17  26.5 

«9.164    0.857 

+  1.51  -   8.1* 

15  11  25  32 

75 

25  ,  5 

+  3  28.44 

+ 

1  51.0 

12  38  35.02 

-17     8  21.6 

8.633    0.861 

+  1.51  -   8.6* 

(278)  Fmdina.                                                                                                \ 

Apr.  10  11  41     2 

76 

25,5 

-1  52.05 

+ 

5     2  2 

13  42  36.07    -   1  22  45.7 

mS.974 

0.753 

+  1.35  -  5.2t 

16  13  25  50 

77 

25  ,  5 

+  1  53.95 

_ 

2     7.8 

13  37  10.35    -   1  10  33.7 

9.227 

0.750 

+  1.39  -  5.4t 

16  13  45  52 

78 

25  ,  5 

-2     2.11 

— 

6  27.6 

13  37     9.42    -   1  10  33.1 

9.312 

0.750 

+  1.39  -   5.4t 

Apr.  13  10  51  25 

79     25  ,  5 

-2  19.82 

+ 

(407)  Arachne. 
3  28.1     12  15  44.94  1  -14     5     9.0  |    7.441  |  0.845 

+  1.43  -   9.0* 

15  10  18  48 

80 

25  ,  5 

+  0  27.31 

— 

0  24.8 

12  14  13.35 

-13  53  40.6 

?i8.653 

0.844 

+  1.42  -   9.4* 

15  10  34  42 

81 

25  ,  5 

+  2  25.58 

+ 

4     7.3 

12  14  13.00 

-13  53  38.0 

W8.090 

0.844 

+  1.41  -   9.5* 

18  11  43  27 

82 

25  ,5 

+  1  17.24 

— 

2  38.7 

12  11   58.45    -13  35  46.1 

9.190 

0.837 

+  1.39  -   9.7* 

(65)   Ci/Me.                                                                                             1 

May  21     8  41  52 

83 

25,5 

-0     8.60 

_ 

3  33.2 

14  47     8.60 

-11     8  48.5 

M9.399 

0.814 

+  1.74  -   2.6* 

21     8  53  32 

84 

25  ,  5 

-1  57.67 

+ 

8  34.2 

14  47     8.32 

-11     8  46.2 

M9.362 

0.816 

+  1.75  -  2.5* 

25  10  19  13 

85 

25  ,  5 

+  2  33.04 

+ 

0  31.7 

14  44  35.37 

-10  58     2.6 

v/8.460 

0.826 

+  1.74  -   2.7t 

(554)  Peragn.                                                                                                 | 

Apr.  23  12  54  49 

86 

25,5 

-1  17.59 

+ 

2  15.4 

16     5  29.13 

-24  49  10.9 

«9.150 

0.889 

+  1.55  +   2.7t 

23  13     8  18 

87 

20  ,  4 

+  0     5.67 

+ 

3     8.2 

16     5  28.48 

-24  49  11.4 

?t9.052 

0.892 

+  1.56  +   2.6t 

27  12  43  23 

88 

25,5 

-2  32.85 

+ 

0  47.0 

16     2  28.10 

-24  42  51.1 

719.100 

0.890 

+  1.64  +   2.4t 

May    4  13  35  36 

89 

25  ,  5 

+ 1     3.56 

+ 

4     0.8 

U  56  21.57 

-24  27  33.3 

8.789 

0.893 

+  1.78  +   1.3t 

4  13  51     5 

90 

25  ,  5 

-1  56.81 

+ 

0  26.4  1  15  56  20.89 

—  24  27  32.2 

8.978 

0.892 

+  1.78  +   1.4t 

10  12     7  30 

91 

25  ,  5 

+  2  17.57 

+ 

4  24.9 

15  50  36.21 

-24  10  46.0 

W8.826 

0.892 

+  1.88  +   0.6t 

20  12  10     2 

92 

25  ,  5 

-2  36.17 

_ 

2  45.0 

15  40  18.06    -23  35  23.9 

8.670 

0.890 

+  1.98  -  0.3t 

22  12  15  30 

93 

25,5 

+3  28.13 

+ 

3  16.9 

15  38  13.45    -23  27  30.9 

8.903 

0.889 

+  2.00  -  0.8t 

23  12  53     7 

94 

25  ,  5 

+  2  58.52 

+ 

1  41.8 

15  37     9.92    -23  23  21.7 

9.230 

0.881 

+  2.01  -   l.Ot 

23  13  22  36 

95 

25  ,  5 

+  3     4.18 

+ 

6  24.7 

15  37     8.71  i  -23  23  15.6 

9.359  1  0.873 

+  2.01  -  0.9t 

(443)   Photofjnijjhk-a. 

May  21     9  37  17 

96  1  25  ,  5 

+  1  10.70 

— 

3  18.3 

14  31  12.12  1  -   8  27  40.1  1  «9.068 

0.807  1  +  1.67  -  3.0*1 

21     9  49  19 

97 

25  ,  5 

+  0  50.39 

+ 

2  24.7 

14  31  11.78 

-   8  27  39.2  1  W8.970 

0.808 

+  1.67  -  3.0* 

25  11     8  17 

98 

25  ,  5 

-2  31.77 

_ 

3  13.7 

14  28  17.86 

-   8  13     8.2       9.011 

0.806 

+  1.68  -   2.7t 

25  11  28  43 

99 

25  ,  5 

+  2  19.96 

+ 

0  18.6 

14  28  18.31' 

-   8  13     3.7  !    9.153 

0.804 

+  1.66  -   3.0t 

May  22  10  25  41 

100 

25  ,  5 

+  2     0.64 

(92) 
6  27.9 

Undine. 

15  53  39.39 

-   9  53  46.7 

719.243 

0.813   +1.80  +   0.4* 

June   2  11   10  14 

101 

25  ,  5 

-2     1.92 

_ 

0     2.3 

15  44  55.51 

-  9  52  49.4 

8.219 

0.819   +1.88  +  0.5t 

2  11  27  31 

102 

25  ,  5 

-0  15.06 

— 

3  47.2 

15  44  54.90 

-   9  52  48.9 

8.712 

0.819    +1.88  +   0.5t 

May  22  11     6  19 

103     25  ,  5 

1   +1  29.79 

+ 

(190)  Ismene. 
2  17.9    15  56  45.56    -13     9     6.6    m9.015    0.837    +1.85  +   0.4* 

25  12  51   38 

104     25  ,  5 

+  1  34.88 

+ 

8     4.5    15  54  49.13     -13     2  12.8       9.140    0.835   +1.87  +  0.4t 

May  23  10  41  47 

|105 

1  25,5 

1   +0  31.86 

1   + 

(106) 
2  52.2 

DioJie. 
1  16  22  13.18 

-21  51  30.6 

1  W9.306 

1  0.871 

1  +  1.97  +   1.8* 
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1906   Wash.  M.T.     j    * 

Comp. 

Ja 

j8 

App.  a 

App.  S 

log  pA            Red.  to  App.  PI. 

(^289)  Nenetttt. 

May  24 

lo'  45"   (I 

1U6 

;3() ,  6 

+ 1"  57'.97 

-  4  31*6    15"  24"" 23^.00  I  -10' 

42 

3.3.6 

«8.811 

0.824   +1.80  -   0.8t 

29 

12     9  50 

107 

24  ,  5 

+  0  59.08 

+   6  15.8    15  20  26.06    -10 

25 

18.8 

9.183 

0.818   +1.82  -  0.9t 

(374)  Burgundia. 

June  21) 

12     4  57  1  108 

25  ,  5 

—  0  28.75 

-  3  .30.2  1  17  57     5.97  |  -11 

41 

59.3 

8.879  1  0.830  |  +  2.20  +  7.2t 

CuMKT  1905  C  (GlACOBlNl). 

Dec.    7 

17  20  12 

109 

20,  4 

-U  56.. so 

-   7  44.1 

14  27  34.03 

+  20 

26 

23.3 

W9.627 

0.598 

+  0.71  -   9.3^ 

looc  11 

17  27  51 

110 

25,4 

-1  :!(■,.  12 

-   7     8.5 

14  47  24.11 

+  18 

30 

12.5 

«9.618 

0.614 

+  0.77  -  8.1' 

Jan.    6 

17  55     1 

111 

25,5 

4  0   55.57 

+   5  26.0 

17  36     7.08 

—  3 

23 

34.9 

n9.632 

0.751 

-1.83  +   6.4* 

9 

18  40  47 

112 

20  ,  4 

+  2  47.84 

-   7     0.8 

18     0  40.67 

—   7 

1 

33.4 

?i9.605 

0.768 

-1.84  +   6.0t 

Feb.  15 

7  11  27» 

113 

25  ,  5 

+  3  21.99 

-   7  56.8 

0  29     3.39 

-15 

46 

44.0 

9.636 

0.782 

-1.33  -12.3t 

16 

6  56  51 

114 

25  ,  5 

+  1     0.18 

-11     4.7 

0  36     5.20 

-15 

0 

11.3 

9.618 

0.790 

-1.29  -12.5t 

17 

6  '56  57 

115 

25,  5 

+  0  58.09 

+   3  11.0 

0  42  56.37 

-14 

13 

32.1 

9.613 

0.789 

-1.26  -12.6t 

24 

7  12  51 

116 

25  ,  5 

+  2  42.63 

+  0  44.5 

1  24  46.81 

-  9 

4 

1.7 

9.607 

0.775 

-1.10  -12.8t 

20 

7  11  58 

117 

20  ,  4 

+  0  33.33 

+  2  20.3 

1  35     0.77 

—   7 

43 

11.7 

9.602 

0.771 

-1.00  -12.9t 

Mar.  22 

7  56  16 

118 

25,  5 

-2  15.22- 

+   1     2.1 

3     2  27.07 

+   4 

0 

21.5 

9.642 

0.728 

-0.90  -ll.St 

Comet  1905  IV  (1906  //). 

1 

Mar.    5 

12  29     6 

119 

25  ,  5 

-2  14.88 

-  3  27.3 

11  35     1.88 

+    1 

42 

36.3 

H.8.438 

0.724 

+  1.12  -   7.9t 

(i 

11   42  38 

119 

10  ,2 

-2  39.70 

-   2  14.5= 

11  34  37.06 

+   1 

43 

49.0= 

«9.044 

0.724 

+  1.12  -   8.0t 

17 

14  37  24 

120 

30,6 

-0     8.70 

-   0     6.5 

11  29  48.38 

+   2 

0 

42.6 

9.485 

0.725 

+  1.19  -   8.7t 

20 

12  27  26 

120 

25,5 

-1  21.72 

+   4  12.8 

11  28  35.37 

+   2 

5 

1.8. 

8.997 

0.720 

+  1.20  -   8.8t 

21 

12  31     1 

120 

25,  5 

-1  46.46 

+   5  41.8 

11  28  10.63 

+   2 

6 

30.8 

9.060 

0.720 

+  1.20  -   8.8t 

22 

13  45  14 

120 

25  .  5 

-2  11.97 

+   7  12.2 

11  27  45.12 

+   2 

8 

1.2 

9.410 

0.723 

+  1.20  -   8.8t 

31 

13  44  41 

121 

25  ,5 

+  0  34.26 

-   3  41.9 

11  24  26.11 

+   2 

19 

28.7 

9.500 

0.724 

+  1.18  -   8.9t 

Apr.    1 

11  42  17 

121 

25,  5 

+  0  16.40 

-   2  43.1 

11  24     8.25 

+   2 

20 

27.5 

9.049 

0.718 

+  1.18  -  8.9t 

3 

12  17  27 

121 

25  ,  5 

-0  21.08 

-   0  41.1 

11  23  30.76 

+   2 

22 

29.5 

9.288 

0.719 

+  1.17  -   8.9t 

12 

10     8  29 

122 

25  ,  5 

+  1  41.72 

+   2  33.9 

11  21  18.99 

+   2 

28 

30.1 

8.244 

0.716 

+  1.12  -   8.8t 

13 

12     4     0 

123 

25  ,  5 

+  1    10.46 

-    7  45.4 

11  21     7.03 

+   2 

28 

51.9 

9.387 

0.720 

+  1.12  -  8.8t 

16 

12  25  16 

122 

25  ,  5 

+  1     1.23 

+  3  34.1 

11  20  38.48 

+   2 

29 

30.3 

9.474 

0.722 

+  1.10  -   8.8t 

17 

10  34  17 

124 

25  ,  5 

-0  29.15 

+   6  18.8 

11  20  31.37 

+   2 

29 

33.8 

9.038 

0.716 

+  1.09  -   8.7t 

27 

11     3     1 

124 

25,5 

-1     0.54 

+   2  47.1' 

11  19  59.90 

+   2 

26 

2.6 

9.372 

0.720 

+  1.01  -   8.2t 

May  19 

10  58  19 

125 

25,5 

+  1     9.50 

+   1     8.0 

11  23  54.73 

+   1 

50 

8.0 

9.548 

0.729 

+  0.81  -   7.1t 

Comet  1906  c  (Ross). 

1 

Mar.  20 

7  17  39 

126 

15  ,3 

-1     5.35 

+    1  21.5 

2  12  36.00 

-   4 

44 

58.5 

9.644 

0.751 

-1.10  -12.6* 

21 

7  21  42 

127 

20  ,  4 

-3  49.92 

-   7  51.4 

2  15  47.24 

-  3 

39 

38.9 

9.646 

0.748 

-1.08  -12.5* 

22 

7  22  16 

128 

20  ,  4 

-1   13.49 

-  3  37.5 

2  18  52.53 

2 

36 

3.5 

9.646 

0.746 

-1.08  -12.3* 

23 

7  26  27 

129 

25  ,  5 

-0  40.63 

—   6  50.6 

2  21  53.36 

-   1 

33 

50.1 

9.648 

0.743 

-1.08  -12.1* 

Apr.    2 

7  44  33 

130 

9  ,  2 

-1     0.01 

+  14  17.2 

2  48  19.65 

+   7 

31 

57.3 

9.662 

0.730 

-1.04  -10.9* 

3 

7  51  55 

131 

8  ,  2 

+  1     2.27 

-  3  29.2 

2  50  41.52 

+   8 

19 

48.2 

9.664 

0.731 

-1.04  -10.7* 

•Observed  by  Hammond.  t  Observed  by  Fkederickson.         -Observed  by  W.  W.  Dinwiddie.         ■''Observed  on  12-inch  equatorial. 

J  8  App.  8 

■•  J8  and  App.  8  probably  in  error  by  10",  the  value  of  a  revolution  of  the  micrometer.  Corrected  values  :     -|-7'  44".4  ;   +21°  43'  49".4. 
■' J8  and  App.  8  probably  in  error  by  10",  the  value  of  a  revolution  of  the  micrometer.  "  "  — 2'    4".ii   ;  +  1°  4.S'  58".9. 

Mean  Places  of  ComjKirison- Stars  for  the  beginning  of  the  year. 

The  star  places  from  the  Cambridge  (U.S.)  Zones  were  furnished  through  the  courtesy  of  the  Director  of  the  Observatory  at  that  place. 


* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

6  26  33.78 

+11  36  35.7 

Leipzig  I,  A.G.  2315 

9 

6  10  18.91 

+  30     8     1.0 

1  «  (Cambridge,  Enf., SOTS  +  > 

2 

6  27     8.61 

+  11  44  32.5 

"             "     2322 

10 

6  10  52.77 

+  30     2     7.0 

1  JiCtimbridge  EnK.,3089  +  ? 

^, 

6  27  29.49 

+  11  38  54.4 

"     2328 

11 

8  30  14.85 

+  30  20  34.6 

Leiden,  A.G.  3580 

4 

6  27  56.85 

+  11  35  35.2 

"     2333 

12 

8  32  25.20 

+  30  20  51.9 

«      3592 

5 

6  29  19.35 

+28  30  57.9 

Camb.(Eng.)  A.G.  3341 

13 

8  53  3^.70 

+  18  20  30.4 

Berlin  (A),  A.G.  3617 

6 

6  16  49.69 

+  29  28  16.7 

"     3175 

14 

8  48  36.20 

+  18  35  27.6  1         "               •'      3572    1 

7 

6  21  15.07 

+29  24  13.0 

"     3231 

15 

8  47  15.49 

+  18  32  39.8 

"      3561 

8 

6  15  11.95 

+  29  35     2.2 

"     3153 

16 

8  45  24.09     +19  11     0.3 

"     3545 
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* 

a 

8 

Authority 

* 

a 

8 

Authority                  | 

17 

8  40     8.44 

+  19°    9  33'!4 

Berlin  (A),  A.G.  3510 

75     12"  35"   5.07 

-17°  10'  4!'o 

Washington  A.G.  Zones 

18 

8  33  42.36 

+  20     0  26.5 

Berlin  (B),     «     3469 

76     13  44  26.77 

-   1  27  42.7 

Nicolajew,  A.G.  3643 

19 

8  34  18.65 

+  20     6  36.5 

"      3475 

77 

13  35  15.01 

-   1     8  20.5 

"     3623 

20 

7  54  58.01 

+  21   36  14.0 

«      3211 

78 

13  39  10.14 

-   1     4     0.1 

"     3628 

21 

7  56  29.95 

+  21  51  42.6 

"      3221 

79 

12  18     3.33 

-14     8  28.1 

Washington,  A.G.  Zones 

22 

7  50  49.31 

+  21  46  18.3 

"      3184 

80  !  12  13  44.62  | 

-13  53     6.4 

Rad.  1890,  3194              ; 

23 

7  51  44.70 

+  21  57  41.9 

"      3192 

81 

12  11  46.01 

-13  57  35.8 

Uamb.(U.S.),A.G.  Zones 

24 

7  49  35.52 

+  21  55     3.8 

"      3172 

82 

12  10  39.82  1 

-13  32  57.7 

Rad.  1890,  3177 

25 

8  32  45.56 

+  15  27  53.8 

Berlin  (A),  A.G.  34.36 

83 

14  47  15.46 

-11     5  12.7 

Camb.(U.S.),A.G.  Zones 

26 

8  32  40.50 

+  15  21  32.2 

«      3435 

84 

14  49     4.24 

-11   17  17.9 

"         "         "         " 

27 

8  21  36.18 

+  15  33  22.2 

"      3335 

85 

14  42     0.59 

-10  58  31.6 

Paris  18203 

28 

8  27  27.08 

+  15  35  37.0 

"      3390 

86 

16     6  45.17 

-24  51  29.0 

Cordoba  Zones  XVP  364; 

29 

8  27     0.51 

+  15  38  58.4 

«      3385 

87 

16     5  21.25 

—  24  52  22.2 

"     260 

30 

9  33  21.47 

+  21  34  36.2 

Berlin  (B),  A.G.  3808 

88 

16     4  59.31 

-24  43  40.5 

u     236 

31 

9  25     1.00 

+  21  59  39.1 

"      3771 

89 

15  55  16.23 

-24  31  35.4 

Cordoba  Zones  X  V  3745 

32 

9  25     3.81 

+  22  13  31.2 

"      3772 

90 

15  58  15.92 

-24  28     0.0 

"  3963 

33 

9  26  53.33 

+  22  16  16.9 

«      3787 

91 

15  48  16.76 

-24  15  11.5 

Cape  1890,  1885              | 

34 

9  20  16.04 

+  23     2  14.8 

"      3752 

92 

15  42  52.25 

-23  32  38.0 

Cordoba  Gen.  Cat.  21408; 

35 

9  20     3.90 

+  23     0  11.5 

•'      3751 

93 

15  34  43.32 

-23  30  47.0 

"       "     21234! 

36 

9  43  59.66 

+  28  31  12.8 

Camb.,Eng.,  A.G.  5099 

94 

15  34     9.39 

-23  25     2.5 

"         "       "     21222: 

37 

9  29  41.25 

+  28  45  16.3 

«      5017 

95 

15  34     2.52 

-23  29  39.4 

"       "     21216 

38 

9  27  48.27 

+  28  47     0.7 

«      5005 

96 

14  29  59.69 

-   8  24  18.8 

Vienna,  A.G.  5126 

39 

9  31     2.06 

+  28  45  37.6 

"      5024 

97 

14  30  19.72 

-  8  30     0.9 

"     5130 

40 

8     8     0.18 

+  17  41     9.0 

Berlin  (A),  A.G.  3241 

98 

14  30  47.95 

-   8     9  51.8 

"     5134 

41 

8  10  17.19 

+  17  51   36.2 

«               "      3255 

99' 

14  25  56.69 

-  8  13  19.3 

"     5114 

42 

8     8  48.40 

+  17  57  35.5 

«      3248 

100 

15  51  36.95 

-  9  47  19.2 

"           "     5545 

43 

8     8  38.72 

+  18     0  40.9 

"      3246 

101 

15  46  55.55 

-   9  52  47.6 

"     5526 

44 

8     0  49.25 

+  17  55  55.6 

«               "      3232 

102 

15  45     8.08 

-  9  49     2.2 

"     5518 

45 

10  39  24.31 

+  11  49  43.5 

Leipzig  I,    A.G.  4099 

103    15  55  13.92 

-13  11  24.9 

Camb.(U.S.),  A.G.  Zones 

46 

10  29  53.83 

+  12  35  55.1 

"      4057 

104 

15  53  12.38 

-13  10  17.7 

Rad.  189U,  4127 

47 

10  29  23.57 

+  12  39  57.1 

"               "      4056 

105 

16  21  39.35 

-21  54  24.6 

"      4264 

48 

9  42  41.07 

-H   0  40  54.0 

Nicolajew,  A.G.   2937 

106 

15  22  23.23 

-10  38     1.2 

Paris  19152 

49 

9  45  24.16 

+   0  32  32.3 

"      2948 

107 

15  19  25.16 

-10  31  33.7 

Camb.  (U.S.),  A.G.Zones 

50 

9  35  55.55 

+   0  55  37.4 

KNic.  2914+ Alb.  3845) 

108 

17  57  32.52 

-11  38  36.3 

"          "         "         " 

51 

9  25  44.39 

+   1  40  10.7 

Albany,  A.G.  3797 

109 

14  28  29.71 

+  20  34  16.7 

Berlin  (B),  A.G.  5096 

52 

9  31     5.86 

+   1  41  15.5 

"     3823 

110 

14  48  59.46 

+  18  37  29.1 

"      (A),    "     5382 

53 

9  11  53.90 

+  24     2  50.8 

Berlin  (B^,  A.G.  3710 

111 

17  35  13.34 

-   3  29     7.3 

Warsaw  4167 

54 

9     6  26.14 

+  24     0  56.8 

"     3078 

112 

17  57  54.07 

-   6  54  38.6 

Vienna,  A.G.  6072 

55 

10  22  27.83 

+  4  31  25.7 

Albany,  A.G.  4042 

113 

0  25  42.73 

-15  38  34.9 

Washington,  A.G.  Zones 

56 

10  21  16.54 

+   4  24  38.2 

"     4036 

114 

0  35     6.31 

-14  48  54.1 

a                    u             l( 

57 

10  22  42.55 

+  4  47  31.2 

1    l(AlbimY404C  +   ( 
^  f  Leipzig  II  I>4H5)S 

115 

0  41  59.54 

-14  16  30.5 

"                     "             " 

58 

10     8  26.60 

+   5  44  24.1 

Leipzig  II,  A.G.  5398 

116 

1  22     5.28 

-  9     4  33.4 

Vienna,   A.G.  294 

59 

10  12  23.85 

+   5  43  31.5 

"     5417 

117 

1  34  28.50 

-   7  45  19.1 

"     338 

60 

10  12  34.51 

+   5  51  20.5 

"     5418 

118 

3     4  43.19 

+   41  31.2 

Albany,  A.G.  908 

61 

10  39  28.96 

+   9  23  44.8 

"                "     5571 

119 

11   37  15.64 

+   1  46  11.5 

"  '      "     4335 

62 

12  16  28.14 

+   0  16     9.4 

Nicolajew,  A.G.  3399 

120 

11  29  55.89 

+   20  57.8 

«     4308 

63 

1  12  18     0.36 

+   0  16  16.7 

"              "     3403 

121 

11  23  50.67 

+   2  23  19.5 

"     4288 

64 

12  15  26.71 

+   0  22  38.6 

"     3398 

122 

11  19  36.15 

+   2  26     5.0 

'•     4264 

65 

12  14     1.48 

+   0  24  44.0 

"     3393 

123 

11  19  55.45 

+   2  36  46.1 

"     4265 

66 

12  16  49.19 

+   0  21  50.5 

"     3400 

124 

11  20  59.43 

+   2  23  23.7 

"         "     4271 

67 

12  15  54.83 

+  15  39  59.1 

Berlin  (A)   A.G.  4648 

125 

11  22  44.42 

+   1  49     7.7 

"     4281 

68 

12  13     5.18 

+  15  32  29.8 

"       "     4635 

126 

2  13  42.45 

-  4  40     7.4 

Warsaw  378 

69 

11  47  57.05 

+   87  46.2 

Leipzig  II,  A.G.5946 

127 

2  19  38.24 

-   3  31  35.0 

389 

70 

11  47  34.80 

+   84  23.5 

«        "       "     5945 

128 

2  20     7.10 

-   2  32  13.7 

A(Pulk.l875,  584+585) 

71 

12  47  26.46 

-17  41   15.3 

Washington,  A.G.Zones 

129 

2  22  35.07 

-   1  26  47.4 

Nicolajew,  A.G.    491 

72 

12  49  48.70 

-17  50  37.1 

a                  .<            « 

130 

2  49  20.70 

+   7  17  51.0 

Leipzig  II,  A.G.  1072 

73 

12  43     7.42 

-17  34  29.2 

a                  ii            « 

131 

2  49  40.29 

+  8  23  28.1 

"       "    1076 

74 

12  39  46.74 

-17  15  45.9 

I 

1 

Comparison-star 

(90)  has  a  decide 

d  proper  motion  in  a. 
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A    DETERMINATION    OF    THE    SUN'S    MOTION    RELATIVE    TO    THE 

FAINTER    STARS, 

By     GEORGE     C  .     C  O  W  S  T  O  C  K  . 


In  No.  558  of  the  Astronomical  Journal,  I  have  published 
provisional  results  of  an  examination  of  the  proper  motions 
of  certain  faint  stars,  ninth  to  twelfth  magnitude,  includ- 
ing among  these  results  a  determination  of  the  elements  of 
the  sun's  motion.  That  determination  was  undertaken 
primarily  as  a  test  of  the  observed  proper  motions  them- 
selves, to  ascertain  whether  these  quantities  represented 
real  motions  of  the  stars  or  were  only  the  residual  effects 
of  errors  in  the  data  employed,  it  being  commonly  sup- 
posed that  the  average  proper  motion  of  such  faint  stars 
would  prove  insensible.  Although  the  number  of  proper 
motions  at  that  time  available,  only  sixty-eight  stars,  was 
extremely  limited,  they  furnished  elements  of  the  sun's 
motion  that,  as  respects  both  direction  and  velocity,  were 
in  satisfactory  accord  with  the  best  determinations  from 
other  data,  and  showed  also  that  the  resulting  mean  dis- 
tance of  the  stars  was  in  excellent  agreement  with  an 
extrapolation  of  Kapteyn's  empirical  formula  (Pub.  Gron- 


order  of  precision  as  the  proper  motions  of  the  fifth  and 
sixth  magnitude  stars  of  the  Nev?comb  catalogue. 

Nominally  there  are  available  at  the  present  time  proper 
motions  of  216  stars,  included  with  very  few  exceptions, 
between  the  eighth  and  twelfth  or  thirteenth  magnitudes. 
But  certain  of  these  stars  are  clearly  binaries  in  which  the 
observed  motion  is  orbital  in  character,  while  in  other 
cases  it  is  impossible  to  determine  with  certainty  the  true 
character  of  the  motion.  After  deducting  all  such  cases 
there  remain  149  stars  whose  observed  proper  motions  are 
supposed  to  arise  from  undisturbed  translation  through 
space,  and  upon  these  it  is  now  proposed  to  base  a  deter- 
mination of  the  sun's  motion. 

While  the  amount  of  data  must  still  be  designated  as 
small,  it  is  unusually  homogeneous  and  precise  in  char- 
acter, and  the  individual  stars  have  not  been  chosen 
through  any  selective  criteria  that  I  am  able  to  recognize 
as  impairing  their  right  to  stand  as  fair  samples  of  the 


Ingen,  No.  8,  p.  24),  which  represents  stellar  parallax  as  a  i   stars  included  between  the  eighth  and  twelfth  magnitudes. 


function  of  magnitude  and  proper  motion. 

Encouraged  by  these  indications,  I  have  continued  my 
determinations  of  the  proper  motions  of  faint  stars  by  the 
methods  of  the  paper  cited,  and  whenever  necessary,  have 
myself  determined  the  proper  motions  of  the  bright  com- 
panion stars,  using  for  this  purpose  all  the  material  acces- 
sible to  me,  including  a  determination  of  the  places  of 
these  stars  made  with  the  meridian  circle  of  the  Washburn 
Observatory  by  Mr.  A.  S.  Flint,  about  the  epoch  1904.0. 
In  every  case,  the  adopted  positions  and  motions  of  all  the 
comparison-stars  are  either  taken  directly  from  Newcomh's 
Fundamental  Catalogue,  or  are  determined  with  reference 
to  the  system  represented  by  that  catalogue  for  the  equinox 
1850.0.  The  proper  motions  of  the  faint  stars  are  therefore 
referred  to  the  same  system,  and  a  discussion  of  probable 
errors  shows  that  for  all  stellar  magnitudes  here  included, 
the  adopted  proper  motions  are  approximately  of  the  same 


It  seems  to  be  frequently  assumed  that  the  solar  motion 
is  a  determinate  vector  quantity  whose  elements  may  be 
ascertained  from  any  group  of  suitably  chosen  material,  e.g., 
the  particular  set  of  proper  motions  here  under  consider- 
ation. As  an  immediate  consequence  of  this  assumption, 
differing  results  for  the  elements  of  the  solar  motion,  as 
obtained  by  different  investigators,  are  construed  as  indi- 
cating either  inadequate  data  or  erroneous  methods  of 
treating  the  data.  Neither  the  assumption  nor  its  conse- 
quences commend  themselves  to  the  present  writer,  who, 
holding  to  the  concept  that  all  motions  with  which  we  are 
concerned  are  relative,  a  change  of  the  position  of  one 
thing  with  respect  to  another,  finds  no  «  priori  ground  for 
holding  that  the  motion  of  the  sun  derived  from  one  group 
of  stars  should  agree  either  in  direction  or  amount  with 
the  motion  referred  to  a  different  set  of  bodies.  If  a  poste- 
riori, such  an  agreement  shall  be  found  to  exist,  it  furnishes 

(119) 
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evidence  of  the  relative  immobility  of  the  two  sets  of  stars 
to  which  the  solar  motion  has  been  referred,  and  constitutes 
a  substantial  addition  to  our  knowledge  of  the  stellar  sys- 
tem. On  the  other  hand,  discordant  results  derived  from 
diverse  sets  of  stars  similarly  treated,  tend  to  show  system- 
atic motion  of  one  group  relative  to  the  other. 

With  reference  to  the  purely  relative  character  of  the 
stellar  motions  it  seems  not  only  needless,  but  distinctly 
disadvantageous,  to  introduce  explicitly  the  concept  of  a 
moving  sun  whose  velocity  enters  into  and  is  a  part  of 
each  observed  proper  motion.  Such  a  solar  motion  must 
be  referred  to  some  assumed  origin  of  coordinates,  and  no 
such  attainable  origin  can  be  more  determinate  or  more 
fixed  than  the  sun  itself.  I  therefore  adopt  the  sun  as 
origin,  and  proceed  to  inquire  the  motion  of  the  stars  rela- 
tive to  it.  I  shall  designate  the  mean  motion  of  any  group 
of  stars  relative  to  the  sun  as  its  flux,  and  treat  the  deter- 
mination of  this  flux  as  the  substance  of  the  problem  in 
hand.  It  is  apparent  that  when  this  quantity  is  determined, 
the  solar  motion  relative  to  the  group  of  stars  employed 
will  be  immediatelj^  given  by  changing  the  sign  of  the  flux. 
It  appears  to  be  impossible  to  derive  elements  of  the  flux  or 
of  the  solar  motion  without  recourse  to  hypothesis,  and  of 
the  several  hypotheses  hitherto  employed,  that  one  seems 
to  be  held  in  most  favor  which  affirms  that  the  stellar 
motions  are  promiscuously  and  indiscriminately  directed 
toward  all  points  of  the  celestial  compass.  More  rigor- 
ously stated :  If  through  the  sun  there  be  drawn  lines 
severally  parallel  to  the  direction  of  the  supposed  absolute 
motion  of  every  star  in  the  heavens,  the  points  of  inter- 
section of  these  lines  with  a  sphere  of  unit-radius  will  be 
scattered,  with  approximate  uniformity,  over  the  surface 
of  the  sphere.  The  adoption  of  this  hypothesis  eliminates 
certain  embarrassing  terms,  and  renders  practicable  a  solu- 
tion of  the  problem.  The  assumption,  however,  has  been 
vigorously  attacked,  and  as  its  necessary  truth  is  by  no 
means  obvious,  I  have  abstained  from  employing  it,  and 
tentatively,  I  substitute  in  its  place  a  limited  form  of  the 
following  proposition  : 

Hypothesis  I.  Any  widely  extended  group  of  stars  hav- 
ing the  sun  near  its  center  has  no  systematic  flux  relative 
to  any  other  similar  group. 

The  particular  form  in  which  the  hypothesis  is  applied 
will  be  best  appreciated  from  the  accompanying  figure 
which  represents  a  projection  of  the  heavens  upon  the 
plane  of  the  equator.  The  radial  lines  are  hour  circles, 
making  angles  of  30°  one  with  another,  and  it  is  assumed 
that  the  mean  of  the  stars  observed  in  the  region  1,  1,  is  at 
rest  relative  to  the  mean  of  the  stars  in  the  region  A,  J, 
etc.  Tlie  extent  to  which  this  hypothesis  is  confirmed  or 
invalidated  by  the  data  here  treated  will  be  subsequently 
examined. 


Hjipothesis  II  As  a  second  hypothesis,  also  subject  to 
verification  a  jjosteriori,  I  assume  that  in  the  mean  the 
parallaxes  of  stars  of  known  magnitude  and  proper  motion 
may  be  represented  with  a  sufiicient  approximation  to 
accuracy  by  an  expression  of  the  form  given  by  Kapteyn, 
and  cited  above. 

These  two  hypotheses  lead  to  the  following  very  simple 
analysis  of  the  problem  : 

Let  there  be  given  the  observed  proper  motions  of  a 
group  of  H  stars,  and  let  the  positions  of  these  stars  be 
referred  to  a  system  of  rectangular  coordinates  whose 
origin  is  at  the  sun,  and  whose  axes  are  parallel  to  those 
employed  for  the  measurement  of  right-ascensions,  a,  and 
declinations,  8.  The  coordinates  of  each  star  are  given  by 
the  equations  : 

x  =  r  cos  8  cos  a 

]l  =  r  cos  8  sin  a 

z  ^  r  sin  8 

The  velocities  of  the  stars  in  directions  parallel  to  the  co- 
ordinate axes  are  obviously, 

(1) 
„    .  rf«  „  '^S  o  dr 

x'  =  —  )'cos8  sin  It . 


I/'  =  -f-  (•  cos  8  cos  a  . 


The  equations  of  the  component  velocities  of  the  center  of 
gravity  of  the  stars  referred  to  the  sun  are 


dt 

'  dt 

dt 

da 

di  " 

/•  sin  8  sin  «  .  -r--|-  cos  b  sin  n 
dt 

dr 

'dt 

+  r  cos  8  .  -r  -1-            sin  8 
dt 

dr 
dt 

X'  = 


y  = 


2,yn  I/' 


Z'  = 


21ni  z' 
2^m 


but  in  consequence  of  our  entire  ignorance  of  the  masses, 
m,  these  equations  cannot  be  employed,  and  I  substitute 
for  them  the  simpler  expressions  which  result  when  we 
assume  the  masses  to  be  all  equal : 
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(2)      X'  =  -  2"a''  y  =  -  2'v' 


I  call  the  motion  thus  represented,  the  flux  of  the   system 
of  stars  relative  to  the  sun. 
Introducing  the  abbreviations 


cosa  -T-  =  A' 


d&        ,  ,  dr 


dt 


dt 


and  changing  the  signs  of  the  components  of  the  flux,  we 
obtain  the  following  equations  for  the  sun's  motion  : 

(3) 
nX"  =  E\  sin  «..4'sin  l"+sin  8  cos  «.  Z)'  sin  1"— cos  S  cos  a.p| 
»F"=^J— cos«.,J'sin  l"+siu8sin  a.  j[>' sinl"— cos  Ssin  n..p\ 
nZ"=Z\  -cos8.Z»'sinl"-sin8.p  \ 

These  equations  constitute  a  solution  of  the  problem,  but 
the  method  in  which  they  are  to  be  applied  calls  for  some 
discussion.     The  «  and  8  are  known  quantities,  as  are  also 

the  proper  motions  -j-  and  — .     The  radius-vector  may  be 

assumed  known  from  the  Kapteyn  formula  above  cited ; 
the  considerable  accidental  errors  that  may  inhere  in  indi- 
vidual values  of  r  thus  derived  being  largely  compensated 
in  the  mean,  and  systematic  deviation  of  the  formula  from 
the  truth,  affecting  only  the  scale  upon  which  the  result- 
ing X" ,  Y",  Z"  are  expressed.  The  quantities  thus  enu- 
merated completely  determine  A'  and  D',  which  therefore 
become  known  quantities  wliose  values  are  to  be  computed 
for  each  star  employed.  The  radial  velocities,  p.  are,  how- 
ever, quite  unknown,  and  must  therefore  be  eliminated. 
The  form  of  the  equations  shows  that  this  elimination  may 
be  secured  through  the  hypothesis  of  an  indiscriminate 
distribution  of  velocities,  above  considered,  and  also  indi- 
cates that  other  hypotheses  may  equally  lead  to  such  elimi- 
nation, e.</.,  if  the  velocities  were  all  equal,  whether 
directed  toward  or  from  the  sun,  they  would  be  eliminated 
from  the  first  two  equations,  in  a  summation  extending 
throughout  the  twenty-four  hours  of  right-ascension,  through 
the  effect  of  the  factors  cos  «,  sin  a.  Similarly,  the  radial 
velocities  will  be  eliminated  from  the  third  equation  through 
the  factor  sin  8,  if  the  summation  be  made  throughout  a 
region  bisected  by  the  equator.  We  have  here  a  special 
ease  of  a  more  general  proposition,  viz. :  The  radial  veloci- 
ties of  any  group  of  stars  symmetrically  situated  with 
respect  to  a  plane  passing  through  the  sun  have  a  vanish- 
ing effect  upon  that  component  of  the  sun's  motion  that  is 
normal  to  the  plane  in  question.  If,  for  example,  we 
determine  the  coordinate  Y",  from  stars  lying  near  the 
hour  circle  O*",  12'',  every  radial  velocity  in  the  group  will 
be  multiplied  by  the  small  factor  sin  «,  the  products  cos  8 
sin  « .  p  will  tend  to  be  as  often  positive  as  negative,  and 


the  mean  of  the  small  term.^  thus  produced  will  tend  toward 
zero  as  a  limit. 

If  we  agree  to  determine  the  velocity  parallel  to  each 
coordinate  axis  solely  from  stars  lying  near  the  great  circle 
normal  to  that  axis,  we  may  omit  the  terms  in  p  without 
sensible  error  and  substitute  in  place  of  the  complete  forms 
given  above  the  following  equivalents  for  them  : 

—  nY"  =  ^\co5{u  —  a')  A'—smZsm(u  —  u').  Ii'\  sinl" 
^'      —nZ"  =2"  cos 8  .  X»'  sin  1" 

Concerning  these  equations  we  note  that  : 

(«)  The  a  — a'  here  substituted  in  place  of  «  denotes  a 
horizontal  coordinate  no  longer  measured  from  the  vernal 
equinox,  but  from  one-half  of  the  great  circle,  that  half  in 
right-ascension  «',  near  which  the  stars  are  assumed  to  lie. 

(h)  The  same  reasoning  that  shows  the  elimination  of 
the  p  terms  from  the  equation  in  Y"  equally  indicates  that 
the  />'  terms  will  be  there  eliminated,  and  they  might  have 
been  dropped  from  Equations  (4).  They  are,  however,  re- 
tained in  order  that  their  actual  effect  upon  the  summation 
may  show  how  nearly  in  fact  the  elimination  is  effected, 
and  thus  given  some  clue  to  the  probable  residual  effect  of 
the  p  terms. 

(c).  The  equation  in  Z"  is  in  terms  limited  to  stars 
near  the  equator,  since  here  only  is  there  assurance  that 
the  p  terms  will  be  eliminated.  It  may,  however,  be  ap- 
plied to  stars  of  higher  deelinatiou  to  determine  whether 
there  is  for  them  such  an  elimination  of  the  p  terms, 
through  the  supposed  chance  distribution  of  velocities,  as 
to  give  results  in  agreement  with  the  equatorial  zone. 

{d)  If  the  heavens  be  supposed  divided  into  any  even 
number  of  lunes  by  means  of  hour  circles  symmetrically 
distributed  throughout  the  twenty-four  hours  of  right- 
ascension,  and  if  a'  denote  the  right-ascension  of  the  median 
line  of  any  one  of  these  lunes,  then  will  the  equatiou  in  F", 
if  applied  to  the  lunes  u.'  and  «'  +  12'',  determine  the  pro- 
jection of  the  sun's  velocity  upon  that  radius  of  the  equator, 
whose  right-ascension  is  a' +  6''.  By  dividing  the  sky  into 
a  great  number  of  lunes  we  may  determine  the  projection 
of  the  sun's  velocity  upon  as  many  such  radii  as  may  be 
desired,  and  every  pair  of  radii  at  right  angles  to  each 
other  will  furnish  a  value  of  the  projection  of  the  sun's 
velocity  upon  the  plane  of  the  equator.  The  agreement, 
one  with  another,  of  the  several  values  thus  determined 
will  tend  to  confirm  the  fundamental  hypothesis  of  the 
relative  immobility  of  the  several  groups  of  stars  employed, 
{Hypothesis  1),  while  a  considerable  divergence  among  these 
values,  if  not  attributable  to  inadequate  data,  will  tend  to 
discredit  that  hypothesis. 

(e)     If  •*>  represent  the  projection  of  the  sun's  velocity 
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upon  the  plane  of  the  equator,  and  J  be  the  coi'res])onding 
right-asceiision,  we  shall  have 


X=  SaosA 


Y=  S  sin  A 


Let  y,"  and  y/  denote  values  of  ¥"  corresponding  to  the 
lunes  in  right-ascension  «'  and  a'  +  G*",  then  we  may  obtain 
by  transformation  of  coordinates, 

A"  =  —  y,"  sin  «'  —  Y„"  cos  a' 
Y  —  +  y,"  cos  «'  —  y/  sin  a' 


(5) 


These  values  of  X  and  Y,  together  with  the  value  of  Z 
directly  given  by  Equations  (4),  completely  determine  the 
elements  of  the  sun's  motion,  subject  to  the  limitations 
imposed  by  the  fundamental  hypotheses.  A  method  of 
control  upon  Hi/jyothesis  I  has  already  been  indicated,  and 
the  validity  of  Hi/jwtfiesis  IT,  with  respect  to  the  mean 
distances  of  the  stars,  may  be  examined  as  follows :  The 
linear  velocity  of  the  sun,  V,  and  the  coordinates  of  the 
apex  of  the  solar  motion  A,  I),  are  obviously  given  by  the 
equations, 

A'  =   V  cos  D  cos  A 
(6)  y  =   FcosX*  sin  J 

Z  =    V  sin  D 

If  the  scale  of  distances  is  properly  represented  by  Kap- 
teyn's  formula  (extrapolated)  the  value  of  V  resulting 
from  these  equations  should  agree  with  the  spectroscopic 
determinations  of  that  velocity,  provided  the  bright  stars 
from  which  the  latter  determination  has  been  made  do 
not  themselves  possess  a  considerable  systematic  motion 
with  respect  to  the  faint  ones  here  considered.  This  con- 
trol upon  the  mean  validity  of  Hypothesis  II  is  applied  in 
a  subsequent  part  of  the  paper. 


TABLE  L  — 

Hean 

Stellak  Distances. 

^ 

H 

^ 

H 

m 

K 

E' 

o' 

+  00 

10 

9.29 

7 

0.49 

0.49 

1 

0.00 

11 

9.26 

8 

0.53 

0.55 

2 

9.79 

12 

9.24 

9 

0.57 

0.61 

3 

9.67 

13 

9.21 

10 

0.62 

0.68 

4 

9.58 

14 

9.19 

11 

0.66 

0.74 

5 

9.51 

15 

9.17 

12 

0.71 

0.81 

6 

9.45 

16 

9.15 

13 

0.75 

0.87 

7 
8 

9.40 
9.36 

17 
18 

9.13 
9.11 

9 

9.33 

19 

9.10 

10 

9.29 

20 

9.08 

In  applying  the  method  above  outlined  to  the  proper 
motions  here  to  be  discussed,  I  have  derived  the  assumed 
distances  of  the  stars,  r,  from  the  above  table  in  which 
//  and  K  are  auxiliary  (juantities  depending  respectively, 
upon  /i,  the  total  proper  motion  of  the  star  in  question, 


expressed  in  seconds  of  arc  per  century,  and  m,  the  star's 
photometric  magnitude.  If  the  distance  >■  is  expressed  in 
units  equal  to  20,626,481  times  the  semi-axis  major  of  the 
earth's  orbit  (the  distance  corresponding  to  a  parallax  of 
0".01),  we  shall  find  the  logarithm  of  the  distance  given  by 
the  sum  of  the  quantities  H  and  K.  The  parallax,  ir,  fol- 
lows immediatelv  from  the  value  of  r. 


log 

log: 


=  H  +  K     (Kapteyn) 
=  8.00  -  log  )■ 


For  illustration,  I  apply  the  table  to  the  second  star  of  my 
list,  a  faint  companion  of  «  Atidromedae,  and  representing 
the  parallax  of  the  star  by  tt  find  as  follows : 


fi.  =     1.9 
m  =  10.9 


B  =  9.81 
K  =  0.66 


log  r  =  0.47 
„  =  0".003 


The  application  of  the  table  is  facilitated  by  use  of  the 
relation :  Any  ten-fold  increase  of  fi  produces  a  dimi- 
nution of  0.71  in  the  value  of  H.  Thus  the  value  of  H  for 
fjt,  =  50"  is  9.51  —  0.71  =  8.80.  By  means  of  values  of 
log  ;•  furnished  by  the  above  table,  each  proper  motion  in 
right-ascension  and  declination  has  been  converted  into 
the  corresponding  A'  or  Z>',  and  from  these  there  have 
been  formed  the  several  quantities  entering  into  the  second 
members  of  Equations  (4). 

The  sky  being  divided  into  sections  by  symmetrically 
placed  hour  circles,  as  shown  in  Fig.  1,  the  terms  arising 
from  stars  falling  in  each  of  these  sections  were  separately 
summed,  and  the  resulting  sums  are  shown  in  the  follow- 
ing Table  II,  where  a'  now  denotes  the  right-ascension  of 
the  median  line  of  each  lune,  n  is  the  number  of  stars  ob- 
served in  that  lune,  and  the  remaining  quantities  are 
sufficiently  indicated  by  the  headings  of  the  table.  Each 
value  of  Y",  Z",  shown  in  the  table  is  the  simple  mean  of 
the  values  furnished  by  the  two  opposing  lunes,  the  results 
from  which  are  presented  on  the  corresponding  line.  Al- 
though there  is  some  disparity  in  the  numbers  of  stars 
observed  in  opposite  lunes,  it  appears  best  to  combine 
them  in  this  manner  in  order  to  eliminate  the  effect  of  a 
possible  error  in  the  adopted  precession  constant.  A  refer- 
ence to  Equation  (4)  will  show  that  if  the  signs  of  the 
numbers  in  the  second  and  third  columns  of  Table  II  be 
changed  before  the  means  are  formed,  the  resulting  means 
will  represent  component  velocities  of  the  sun  parallel  to 
the  plane  of  the  equator,  and  in  directions  whose  right- 
ascensions  are  severally  90°  greater  than  the  values  of  a' 
presented  in  the  first  column.  The  printed  values  of  Y" 
have  been  thus  derived.  The  (  )  about  the  Z"  indicate 
that  the  values  here  given  are  subject  to  revision,  since 
stars  at  all  distances  from  the  equator  have  entered  into 
these  values,  and  the  radial  velocities,  p,  are  not  here  elimi- 
nated. 
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TABLE 

II. 

a' 

cos  (a — a') 
A' 

— sin  8 
sin  (a— a')  O' 

cos  8  .  -D'  t 

1 

n 

a' 

cos  (a — a' 

1        A' 

;      —sin  8 
isin(a— a')D' 

cos  8  .  D' 

n 

Y„ 

(Z") 

n 

b 
0 

+  0.71 

-0.06 

-1.78 

16 

b 

12 

-1.09 

1     -0.05 

-1.99 

14 

-0.90 

+  1.88 

30 

2 

+  0.17 

+  0.05 

-1.38 

15 

14 

-2.13 

-0.07 

-2.37 

< 

-1.21 

+  1.87 

22 

4 

+  1.25 

+0.01 

-3.00 

10 

16 

-4.24 

+  0.06 

-2.61 

11 

-2.72 

+  2.86 

21 

6 

+  0.77 

-0.08 

-0.97 

12 

18 

-2.05 

-0.06 

-2.76 

11 

-1.40 

+  1.86 

23 

8 

-2.28 

+  0.04 

-3.82 

17 

20 

-0.81 

-0.05 

-2.83 

15 

+  0.69 

+3.32 

32 

10 

-1.68 

—  0  22 

-2.54 

9 

22 

+  1.53 

-0.11 

-1.77 

12 

+  1.66 

+  2.16 

21 

We  may  note  the  following  features  presented  by  the 
table : 

(({)  The  terms  sin  8  siu  (a— «') -^' ^■I'C  uniformly  small, 
indicating  a  nearly  complete  automatic  elimination  of  the 
declination  terms  from  the  value  of  Y",  and  thereby  con- 
firming the  a  priori  reason  for  supposing  a  similar  elimi- 
nation of  the  radial  velocities.  Every  value  of  the  term 
cos  8 .  D'  indicates  a  motion  of  the  sun  toward  the  north,  and 
the  range  among  the  twelve  results  is  so  small  that  the  num- 
bers must  be  regarded  as  indices  of  a  real  phenomenon. 
The  proper  motions  upon  which  they  are  based  must 
equally  be  regarded  as  real  quantities,  the  supposition  that 
they  may  be  only  residual  errors  of  a  fortuitous  character 
being  put  out  of  court  by  the  unanimity  of  their  testimony. 
Also,  the  sequence  in  the  values  of  Y"  is  obviously  of  a 
sj'stematic  character,  and  if  we  derive  from  these  numbers 
through  Equation  (5)  the  velocities  of  the  sun  parallel  to 
the  X  and  _y  axes  originally  introduced,  we  shall  find  the 
following  values,  to  which  are  added  those  of  Z,  obtained 
from  the  discussion  that  follows  : 

TABLE  III. 


Region 

a' 

n 

X 

r 

z 

1 
2 

3 

b          b 

0  ,     G 
2  ,    8 
4  ,  10 

53 
54 
42 

+  1.40 
+  0.01 
+  1.50 

-0.90 
-1.38 
-2.78 

+  2.62 
+  2.78 
+  2.75 

Mean 

149 

+  0.97 

-1.69 

+  2.72 

While  the  several  results  here  shown  agree  one  with 
another  in  respect  of  sign,  the  values  of  A'  and  Y  are  more 
divergent  than  could  be  desired  if  Hypothesis  I  is  to  be 
justified  by  them.  On  the  other  hand  they  are  not  so 
divergent  as  to  disprove  the  hypothesis,  and  I  am  con- 
strained, therefore,  to  leave  in  abeyance  the  question  of  its 
complete  validity  until  a  larger  body  of  data  shall  be  avail- 
able for  the  purpose.  I  adopt  the  simple  mean  of  the 
several  values  as  the  definitive  result  for  the  X  and  Y 
velocities  of  the  solar  motion,  and  proceed  to  derive  the  Z 
velocity  from  a  grouping  of  the  proper  motions  in  declina- 
tion different  from  that  exhibited  in  Table  III. 

Let  the  skj'  be  divided  by  parallels  of  declination  into 


the  zones  indicated  in  the  second  column  of  Table  IV,  and 
let  values  of  Z  be  determined  from  summation  within  each 
zone.  These  values,  together  with  the  number  of  stars 
upon  which  they  depend,  n,  will  be  found  in  Table  IV 
under  the  rubric  Z.^.  If,  instead  of  forming  the  simple 
means  of  the  quantities  furnished  by  the  several  zones,  we 
subdivide  each  zone  into  lunes,  as  above,  and  give  equal 
weight  to  the  result  from  each  lune,  we  find  the  quantities 
shown  under  the  rubric  Z„ . 

TABLE  IV. 


Zone            Limits  of 
Decimation 

Zi 

Zo        1       n 

1 

I        -20°to  +20°     +2.83 
II        +20       +45      +2.tl 
III        +45       +90      +0.7 

+  2.68  1     54 
+  2.68        69 
+  0.7          26 

Concerning  both  Z^  and  Z„ ,  it  is  to  be  noticed  that  the 
effect  of  radial  velocities  is  eliminated  in  Zone  I,  but  is 
present  in  increasing  measure  in  Zones  II  and  III,  except 
in  so  far  as  it  may  be  eliminated  by  the  chance  distribution 
of  velocities  sometimes  postulated.  The  close  agreement 
between  the  results  of  Zones  I  and  II  affords  some  support 
to  the  hypothesis  in  question,  and  the  discordant  result 
shown  under  III  does  not  militate  severely  against  it,  since 
the  weight  of  the  value  here  obtained  is  extremely  small. 
I  adopt  as  a  definitive  result  Z  =  +2.70. 

For  the  determination  of  the  apex  of  the  solar  motion  I 
have  applied  Equations  (6),  not  only  to  the  mean  values  of 
X,  Y,  Z  above  given,  but  also  to  the  results  furnished  by 
the  individual  groups  of  stars  designated  1,2,  3,  in  Table 
III.  The  resulting  coordinates  and  the  linear  velocity  V, 
are  as  follows : 

TABLE  V. 


Region 

A 

D 

V 

n 

1 
2 
3 

333 

270 
298 

+  59 
+  63 
+41 

3.06 
3.11 
4.19 

53 
54 
42 

Mean 

300 

+54 

3.38 

149 

The  factor  sin  1"  which  appears  in  Equations  (4),  having 
been  omitted  in  the    numerical  work    whose    results   are 
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above  shown,  it  must  be  here  introduced,  and  with  respect 
to  it  and  to  the  fact  that  V  is  a  centennial  motion,  we  find 
that  the  values  of  V  as  given,  represent  the  annual  motion 
of  the  sun  in  radii  of  the  earth's  orbit.  We  have  to  com- 
pare with  these  values  Kapteyn'.s  interpretation  of  Camp- 
bell's spectroscopic  result  for  the  velocity  of  the  solar 
motion,  18.45  km /see,  which  is  equivalent  to  V  =  3.90  in 
the  units  employed  above.  It  appears  from  the  disparity 
between  this  number  and  the  mean  value  of  V  above  given, 
3.38,  that  the  assumed  distances  of  the  stars  need  to  be 
increased  about  15  per  cent,  upon  the  average,  and  as  a 
matter  of  formal  adjustment  this  maybe  done  bj'  adding 
0.06  to  the  numbers  in  the  column  K  of  Table  I.  This,  how- 
ever, assumes  the  relative  flux  of  the  bright  and  faint  stars 
to  be  insignificant,  a  hypothesis  that  stands  in  much  need 
of  confirmation.  The  numbers  K'  in  the  last  column  of 
this  table  have  been  derived  by  applying  to  K  a  graduated 
correction  whose  mean  value  is  +  0.06,  but  which  vanishes 
for  stars  of  the  seventh  magnitude,  and  brighter,  in  order 
that  Kapteyn's  direct  determination  of  the  mean  parallax 
of  these  stars  maj'  not  be  disturbed  by  results  from  the 
fainter  stars  here  discussed.  If  K'  be  substituted  for  A"  in 
the  distance  formula, 

log  r  =  H+  K' 

the  resulting  values  will  correspond  to  the  mean  distance 
of  the  stars  as  furnished  by  the  present  investigation.  In 
order  to  derive  such  mean  values  of  the  distances  I  have 
grouped  the  total  proper  motions,  /i,  with  respect  to  stellar 
magnitude,  m,  and  the  resulting  mean  values  with  the  cor- 
responding mean  distance  and  mean  parallax  of  the  stars 
as  furnished  by  the  corrected  Table  I,  are  shown  in  I'able 
VI. 

TABLE  VI. 


m 

/^ 

n 

logr 

TT 

8.3 

3.45 

35 

0.20 

o!o063 

9.5 

3.15 

43 

0.30 

.0050 

10.5 

2.99 

45 

0.38 

.0042 

11.5 

2.63 

20 

0.48 

0.0033 

supposed  to  be  at  a  greater  distance  than  corresponding 
stars  of  the  second  type,  there  arises  some  presumption 
that  the  fainter  galactic  stars  will  be  as  a  class  more  dis- 
tant than  similar  stars  outside  the  galaxy.  To  determine 
whether  this  is  in  fact  the  case  for  stars  as  bright  as  those 
here  considered,  I  have  grouped  the  proper  motions,  ^, 
with  respect  to  galactic  latitude,  fi,  and  find  the  results 
shown  in  Table  VII. 

TABLE  VII. 


While  the  numbers  in  this  table  can  make  no  pretence 
of  being  definitive  values  of  the  mean  parallax  correspond- 
ing to  stars  of  the  magnitude,  m,  shown  in  the  first  column, 
I  think  that  there  can  be  little  doubt  that  they  represent 
fairly  well  the  order  of  magnitude  in  question,  and  indi- 
cate that  the  stars  of  the  ninth,  tenth  and  eleventh  magni- 
tudes are  much  nearer  to  the  earth  than  has  been  commonly 
assumed.  I  regard  the  result  as  a  substantial  justification 
of  Hi/pothesix  II. 

It  appears  from  Pickering's  investigations  that  the 
fainter  stars  of  the  galaxy  present  spectra  that  are  pre- 
dominantly of  the  first  type,  and  as  stars  of  this  type  are 


p 

n 

i« 

1^' 

m' 

^" 

+  78 

10 

4.6 

(9.2) 

(4.3) 

63 

10 

5.0 

4.63 

9.6 

4.53 

45 

12 

4.3 

4.77 

9.6 

4.67 

35 

15 

5.0 

3.90 

9.7 

3.82 

25 

12 

2.4 

3.20 

9.9 

3.17 

15 

9 

2.2 

2.20 

10.0 

2.20 

+  5 

13 

2.0 

2.17 

9.8 

2.12 

-  5 

14 

2.3 

2.47 

9.5 

2.34 

15 

12 

3.1 

2.70 

9.5 

2.57 

25 

16 

2.7 

2.77 

9.9 

2.74 

37 

11 

2.5 

3.03 

10.0 

3.03 

-52 

9 

3.9 

(9.7) 

(3.8) 

The  zone  in  galactic  latitude  63°  contains  one  star  of 
abnormally  rapid  motion,  49"  per  century,  and  if  this  be 
included,  the  mean  result  for  the  zone  is  /i.  =  7".l ;  if  it  be 
rejected,  ju.  =  3".0.  I  have  adopted  for  the  zone  the  mean 
of  these  two  results.  The  column  under  the  rubric  fj.'  con- 
tains adjusted  values  of  fx  obtained  by  taking  the  mean  of 
three  contiguous  values  and  placing  it  opposite  the  middle 
one  of  the  three.  The  column  m'  contains  the  mean  mag- 
nitudes of  the  stars  similarly  adjusted,  and  as  there  is  some 
diversity  in  these  numbers  I  adopt  from  Table  VI  the  mean 
rate  of  diminution  of  fi,  considered  as  a  function  of  m, 
0".26  per  magnitude,  and  with  this  value  reduce  the  several 
values  of  fi'  to  what  they  should  be  if  m'  were  in  each  case 
10.0.     These  reduced  values  are  shown  in  the  column  //'. 

The  sequence  of  the  numbers  in  each  fi  column  is  so  pro- 
nounced that  I  am  constrained  to  regard  it  as  real,  and  as 
indicating  that  the  galaxy  is  in  fact  a  region  of  minimum 
proper  motions  and  parallaxes  for  stars  of  the  tenth  mag- 
nitude. The  numbers  of  the  table  are  well  represented  bv 
the  supposition  that  the  proper  motions  in  galactic  latitude 
60°  are  about  twice  as  great  as  those  in  the  galaxy,  but  the 
data  are  inadequate  to  determine  the  exact  law  of  increase, 
whether  it  be  symmetrical  with  respect  to  the  galaxy  or 
more  pronounced  upon  the  north  side  of  that  plane,  as  is 
suggested  by  the  values  of  /x". 

The  chief  results  obtained  in  the  present  paper  may  be 
summarized  as  follows  : 

1.     At  least  as  far  down  the  photometric  scale  as  the 
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twelfth  magnitude   the    stars    present   measurable  proper 
motions,  e.g.,  two  or  three  seconds  per  century. 

2.  The  mean  distance,  and  therefore  the  mean  lumi- 
nosity of  these  stars  is  considerably  less  than  has  been 
commonly  assumed. 

3.  The  proper  motions,  and  presumably  the  parallaxes, 
of  stars  fainter  than  the  ninth  magnitude  show  a  progres- 
sive increase  with  increasing  distance  from  the  galaxj'. 

4.  We  may  provisionally  employ  the  hypothesis  that 
groups  of  stars  widely  distributed  through  space,  but  hav- 
ing a  common  center,  possess  no  considerable  flux  relative 
one  to  the  other. 

5.  Kapteyn's    empirical    formula    representing  stellar 

Waahburii  Obscivatory,  1906  December  11. 


parallax  as  a  function  of  proper  motion  and  magnitude 
may  be  extended  to  stars  of  the  eleventh  magnitude,  and 
probablj'  to  fainter  ones,  without  serious  error  in  the  mean 
result. 

6.  The  motion  of  the  sun  relative  to  the  more  distant 
stars  (10™  and  11")  is  not  widely  different  from  its  mo- 
tion relative  to  the  brighter  lucid  stars  and  the  flux  of  the 
nearer  parts  of  the  stellar  system  with  respect  to  those 
more  remote  is  therefore  small. 

The  interpretation  to  be  placed  upon  the  discordance 
between  the  position  of  the  stellar  apex  here  obtained  and 
those  otherwise  derived,  is  reserved  for  another  paper. 


MEASURES   OF   DOUBLE   STARS, 

By  JOHN  A.  illLLER  and  W.  E.  HOWARD. 


The  stars  in  the  list  that  follows  are  selected  from  those 
that  have  been  noted  as  double  by  the  Cambridge  (England) 
observers  while  making  the  observations  for  the  Katalog 
der  Astronoui  ischen  Gesellschaft,  Zone  +25°  to  +30°.  With 
few  exceptions,  no  star  is  included  measures  of  which  have 
been  recently  published. 

The  measures  were  made  with  the  twelve-inch  refractor 
of  the  Kirkwood  Observatory,  Indiana  University.  The 
position-angle  given  for  any  one  night  is  the  mean  of  four 
or  more  settings,  and  the  distance  is  the  mean  of  six  or 
more  settings  for  double  distance. 


The  magnitudes  given  are  the  mean  of  estimates  made 
by  the  observer  at  the  time  the  measures  were  made.  The 
letter  H.  means  that  the  measures  were  made  by  Mr. 
Howard,  and  the  letter  M.  that  they  were  made  bj'  my- 
self. 

A  few  of  the  stars  noted  as  double  by  the  Cambridge 
observers  seemed  to  us  single.  We  have  examined  each  of 
those  stars  on  at  least  three  nights,  before  deciding  they 
were  single ;  these  are  noted  in  the  body  of  the  list  that 
follows. 

The  positions  given  are  for  1875.0. 


BD.  24°29.       A.G.  124.       9".0  ;  9".3. 
a  =  0"  12'°  laMO     ;     S  =  +2.5°  3' 20".  1. 


1903.739 

325.5           6.43 

.772 

324.7           6.91 

1903.755 

325.1           6.67         H. 

BD.  29°78. 

A.G.  309.        9".0  ;  9".7. 

u  =  Oh  26" 

19'.32     ;     8  =  +29^  2.5'  40".4. 

1903.799 

36.2           4.89 

.818 

34.0           4.47 

1903.808 

35.1           4.68         M. 

BD.  25.78.     A.G.  329. 
a  =  0''  28'"  18».99     ;     8  =  +2.5°  4.5'  18".9. 
1903.655  Duplicity  uncertain 

.733 


1903.694 


M. 


BD.  27°609.  A.G.  1934. 

a  =  a"-  50'"  36».27     ;  8  =  +27°  35'  4».0. 
1903.799           15.1  6.16 

.821  12.3  6.34 


1903.810 


i; 


6.25 


H. 


B.D.  29°10C 

7.    A.G 

2781.    7".3 

;  9".5. 

a  =  51'  47"' 

22".  08     ; 

8  =  +29°  56 

16".9. 

t 

d 

P 

1904.128 

231.2 

4.93 

.151 

231.1 

4.37 

1904.139 

231.1 

4.65 

M. 

BD.  26°116 

7     AG. 

3103.     9".0 

;  9«.5. 

tt  =  6''  10" 

I'.Sl     ; 

8  =  +26°  14' 

28'.4. 

1904.128 

72.9 

21.78 

.186 

73.4 

21.94 

.252 

73.0 

21.47 

1904.189 

73.1 

21.73 

H. 

BD. 

-.     A.G. 

3655.     9".0 

;  9".5. 

a  =  Qh  52"> 

22^75     ; 

8  =  +27°  56 

22".9. 

1904.128 

191.7 

10.00 

.151 

189.2 

10.17 

.258 

193.6 

10.23 

1904.179 

191.5 

10.13 

M. 

BD.  26°  149 

7.    A.G. 

3843.     8".5 

;  9«.0. 

a  =  -"  7" 

21».61     : 

8  =  +26°  13 

4".6. 

1904.359 

350.6 

26.06 

.389 

350.8 

25.97 

.406 

350.8 

27.37 

1904.385 

350.7 

26.80 

H. 

BD.  26°1573.     A.G.  3996.     8''.6 

;  8«,7. 

„  _  7h  22"'  50'.  94     .     8  =  +26°  2' 

2".3. 

t               e           9 

11904.351         .    .    .           1.67 

1905.164         163.7           1.29 

.173         168.5           1.44 

1904.876         166.1           1.37 

M. 

B.D.  25°1691.  A.G.  4005.   9'-.0  ; 

10".0. 

tt  =  7''  23'"  21^72     ;     8  =  +25°  25 

28  ".8. 

1905.091         108.4           3.27 

.162         107.6           3.31 

1905.126         108.0           3.29 

M. 

BD.  27°1403.     A.G.  4009. 

a  =  7'>  23""  39'.71      ;     8  =  +27°  52' 

54'.9. 

This  is  double,  but  too  close  to  measure. 

BD.28°1543.    A.G.  4335.     9".0 

;  g-.s. 

„  =  7h  57m  23S.02     ;     8  =  +28°  48' 

29".5. 

1905.162         109.9           2.71 

.170         103.9           2.60 

1905.166         106.9           2.65 

M. 
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BD.  26°1759.    A.G.  4450.     9".0  :  9'M, 
a  =  S"-  9™  ii'A9     ;     8  =  +26°  45'  5".3. 

t  e  P 

1904.334         324!2  5^82 

.389         322.0  6.47 

1905.091         322.2  6.02 


1904.605 


322.8 


G.13 


M. 


BD.26°2015.     A.G.  5111.     9".0  ;  9«.5. 

a  =  9"  43'"  19«.59     ;     8  =  +26°  37'  23".3. 
1904.225         313.9  5.25 

.334         311.0  .    . 

.389         309.6  4.76 


1904.316 


311.5 


5.00 


H. 


BD.26°2161.    A.G.  6579.     8".5  ;  8x.9. 


a  =  10'-  52" 

1904.225 
.351 
.408 


53^71 
75.8 
75.2 
75.1 


= +26°  6' 307' 
5.51 
5.00 
5.00 


1904.328 


75.4 


5.18 


M. 


BD.  27°2044.     A.G.  6830.     8«.5  ;  9«.2. 

a  =  llh  33™  4».89     ;     8  =  +27°  38'  56".0. 
1904.361  87.4  4.80 

.225  88.0  5.60 

.408  86.8  5.22 


1904.328 


87.4 


5.21 


H. 


BD.29°2368.     A.G.  6354.     8".8  ;  9".^; 

tt  =  ISi-  0">  52". 40     :     8  =  +29°  15'  53'. 7. 

1904.225         336.0 

.406         337.1 

.408         334.8 

r904.346 


18.85 
17.89 
18.16 


335.9         18.30         M. 


BD.27°2423.  A.G.  6982.  9".5  ;  10»'.0 
a  =  14"  43"' .36^52  ;  8  = +26°  58' 48M. 
1904.458         333.0  9.10 

.460         336.5  9.71 


1904.459 


334.7 


9.40 


H. 


BD.  28°2506.  A.G.  7446.  9»'.0  ;  10-^.0 
a  =  15"  55'"  58».08  ;  8  =  +28°  27'  49".S. 
1904.468         229.8  5.85 

.460         228.9  6.74 


1904.469 


229.3 


5.79 


M. 


BD.29°3160.     A.G.  8583.     9"  ;  9".5. 

a  =  n'' 54"' 34'.S7     ;  8  = +29°  30' 4". 7. 

t                   6  P 

1903.804         190°5  lo"99 

.807         190.2  11.14 

.810         190.0  10.93 

1903.807 


190.i 


11.02 


M. 


BD.  29°3235.    A.G.  8817.    8>'.6  ;  9".0. 

a  =  IS"  14'"  38^0     ;     8  =  +29°  52'  F.O. 
1903.804         173.9         18.31 

.807         173.7         18.25 

.810         174.8         18.01 


1903.807 


r4.1 


18.19 


H. 


BD.26°3245.     A.G.  8882.     9«.l  ;  9«.5. 

=  IS"  20""  8M2     .     8  =  +26°  49'  r)9".7. 
1903.804  14.2  3.74 

.807  13.8  3.59 

.810  16.2.  3.62 


1903.807 


14.7 


3.65 


M. 


BD.  28°3018.     A.G.  9016. 

a  =  18"  27'"  39».38     ;     8  =  +28°  18'  5''.5. 
Single  ;  seeing  good  ;  sky  black. 

BD.  28°3036.     A.G.  9085.     9«.2  ;  12»' 

a  =  IS"  .32'"  .56'.  16     ;     8  = +28°  16' 15".4. 

1903.884         172.6         28.51 
.895         177.6         29.71 


1903.889 


175.1 


29.07 


H. 


BD.26°3316.  A.G.  9096.  9".6  ;  9". 7 
a  =  18"  33"'  36^85  ;  8  =  +26°  59'  45".2. 
1903.804         227.8  2.86 

.807         227.2  2.56 

.884         227.5  2.91 


1903.832 

227.5 

2.78 

H. 

BD. 

29°3419 

A.G. 

94L 

4.    9M  ; 

10' 

.1. 

a  = 

IS"  53'" 

19M0     ; 

8 

=  +;i9°  14 

25" 

.3. 

1903.807 

302.4 

5.43 

.895 

302.4 

5.62 

.931 

304.1 

6.42 

1903.878 


302.9 


5.49 


M. 


BD.  27°266G.     A.G.  7764. 
o  =  16'' 34'"  34«.01     ;    8  = +27=^  16' 10"  2. 
Observed   on   two   nights  ;    could   not  see 
double. 

BD.  28°2607.     A.G.  7798.     8"  ;  9". 


tt  =  16"  40"' 
1903.804 
.807 
.810 

190^.807 


6«.67  ; 
160.6 
160.7 
160.7 
160.1 


8  =  +28°  35'  15".0. 
6.27 
6.05 
5.12 

■).15         H. 


BD.28°3180.    A.G.  9562.    9M  ;  10»'.4 

a  =  19"  0'"  .5-.79     ;     8  = +28°  .53' 3".2. 
1903.804         184.4  6.07 

.807         184.0  5.66 

.884         184.1  5.79 


1903.832 


184.: 


i.83 


M. 


BD.  26°3491.    A.G.  9732.    g".!  ;  lO^.O. 
a  =  19"  9"'  7«.99     ;     8  =  +26°  13'  35".6. 
t  6  P 

1903.884  295^2  17!u6 
.903  296.4  17.84 
.914         294.7         18.14 


1903.900 


295.4 


17.98 


M. 


BD.  28°3253.    A.G.  9743.     9".l  ;  9».8. 

a  =  19"9"'40M4     ;     8  = +28°  40' 53".!. 
1903.903         259.7  4.57 

.914         258.9  4.66 

.922         257.7  4.51 


BD.  26°3471.    A.(i.9673.    9''.4  ;  lO'M 

a  =  19"  6-°  17».3S     ;     8  =  +26°  53'  5".9. 
1903.884         143.9  3.38 

.895         144.7  3.01 

.903         146.9  3.01 


1903.894 


144.8 


3.13 


H. 


1903.913         258.8 
S  is  180°  too  large. 


4.58 


H. 


BD.  29°3534.     A.G.  9762.     g*-  ;  10>'. 

a  =  19"  10'"  4K94     ;     8  = +29°  11' 45".l. 

1903.903         127.4  9.01 

.914         127.0  9.10 

.922         126.0  9.39 


1903.913 


126.8 


9.16 


M. 


BD.27°3367.  A.G.  9907.  9»'.2  ;  9«.7 
a  =  19"  IS'"  39».24  :  8  =  +27°  31'  16'.0. 
1903.903         227.1  8.64 

.914         226.8  8.72 

.922         226.6  8.81 


1903.913 


226.5 


8.72 


H. 


BD.  29°3608.  A.G.  10012.    8".7  ;  10».3. 

a  =  19"  23"!  14^92      ;     8  =  +29°  26'  14'.2. 

1903.933         226.2  2.25 

.955         228.2  2.38 

.964         229.3  2.34 


1903.951 


227.9 


2.13 


M. 


BD.  29°3623.    A.G.  10057.    8'«.6  ;  9".6. 

a  =  19"  26"' 8«.44     ;     8  = +29°  26' 47''.2. 
1903.922  36.2         29.72 

.931  37.0  .    . 

.933  37.0         29.24 


1903.929 


36.7 


29.32 


M. 


BD.  29°3656.    A.G.  10149.   9>'.5  ;  ]0".0. 

a  =  19"  30'"  36».35     :     8  =  +29°  28'  5".5. 

1903.879         287.4  2.83 

.928         290.4  3.17 

.920         290.3  3.07 


1903.909 


289.4 


3.35 


H. 


BD.  25°3914.    A.G.  10251.   9".2  ;  9''.6. 

a  =  19"  34'"  59».77     ;     8  =  +25°  54'  7".". 
1903.928         310.7         15.23 

.942         307.7         16.04 

.953         306.7         14.23 


1903.941 


308.3 


15.16 


H. 
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BD.24°3865.    A.G. 

a  =  lOh  40™  19^30     ; 
t                   0^ 

1903.879           96.2 
.953           98.1 
.961           94.1 

10368.    9".2 

8  =  +24°  54' 

P 

5.45 

5.12 

5.53 

;  10». 

20M. 

BD.27°3716.    A.G. 

a  =  SOh  18'"  56«.65     ; 
t                     $  ^ 

1903.971         248^9 

.983         250.2 

1904.011         251.1 

11248.     9».4  ;  10". 

8  =  +27°  58' 31  ".9. 

P 

30.94 

.30.50 

30.61 

BD.  24°4498.    A.G.  12990.    8«.9  ;  9".2. 
0  =  21''  49'"  22'.63     ;     8  =  +24°  47'  16".0. 

t                    6^              P 
1903.928         197^4           5.77 
.942         198.6           6.03 
.971         199.7           6.57 

1903.931           96.1 
B.D.24''3911.    A.G. 

a  =  191'  46""  16».77 

1903.953         195.3 
.980         195.4 

5.37 
10496.  9''.1 

8  =  +2.5°  2' 

18.66 
18.86 
18.56 

M. 

;  9".7. 

32".8. 

1903.988         250.1         30.68         M. 

BD.28°3738.    A.G.  11253.    9».2  ;  9«.4. 

a  =  20''  19'"  13».09     ;     S  =  +28°  58'  41  ".3. 
1903.971         244.5           2.11 
.983         241.2           2.58 
1904.011         242.2           2.61 

1903.947         198.6 
BD.29°4582.    A.G. 

a  =  22''  O""  7».06     ; 

1903.791           95.3 
.966           95.9 
.971           95.8 

6.13         M. 

13178.    7>'.8  ;  8".5 
8  =  +  29°17'59'.0. 

9.05 
8.71 
8.88 

.983         194.3 

1903.988         242.6           2.43         H. 

BD.27°3739.    A.G.  11332.    8".7  ;  9".7. 

a  =  201' 22'"  20".  12     .     8  = +27°  38' 45».5. 
1903.942           69.2         24.29 
.983           69.4         24.66 
1904.011           69.9           .    . 

1903.909           95.6 

BD.27°4305.    A.G. 

tt  =  22''  17"'  52''.79     ; 

1903.791         259.1 
.942         259.8 
.953         259.3 

1903.972         195.0 

B.D.29°3795.   A.G. 
a  =  lOh  49'"  23«.70     ; 
1903.950         206.3 

18.69 

10577.  8».8  ; 

8  =  +29°  41 

2.11 

2.40 

2.36 

H. 

10«.5. 
55".3. 

8.84         H. 

13402.   9".2  ;  9".7. 
8  =  +27°23'24".6. 

10.29 
11.20 

.953         201.9 
.955         201.1 

1903.978           69.6 
BD.29°4053.    A.G. 

a  =  20''  23'"  57».21      ; 

1903.971         331.8 

1904.008         332.2 

.011         332.4 

24.47         M. 

11375.    9>'.3  ;  9".8. 
8  =  +19°  31'  28".3. 
8.02 
8.15 
8.11 

11.21 

1903.895         259.3 

BD.28°4411.  A.G.I 
a  =  22''  30"'  26'.40 

1903.928         155.0 
.942         155.5 
.961         154.9 

10.90         H. 

3570.  9".l   ;  10".5. 
8  =  +29°  5'  56".3. 
23.05 

1903.953         203.3 

BD.  26°3768.  A.G.  1 
a  =  19''  57'"  51».28     ; 

2.29 

0770.  9^2  ; 

8  =  +26°  15 

15.61 

15.20 

16.40 

M. 

12"  2 

24".8. 

1903.953           92.5 
.980           93.1 
.983           93.8 

1903.997         332.1           8.09         H. 

BD.27°3850.  A.G.  11693.  9".0  ;  10".5. 

a  =  20''  39'"  33*.23     ;     8  =  +27°  68'  0".4. 
1903.971           23.4           2.49 
1904.011           18.5           2.98 

23.29 
23.90 

1903.944         155.4 

BD.  25°4920. 

a  =  23"  13'"  50^80     ; 

Observed  on   two  r 
visible  nearer  than  46" 

BD.28°4656.    A.G. 

a  =  23"  46'"  22».78 

1903.928         268.0 
.942         269.9 
.969         269.1 

23  40         H 

1903.972           93.1 
BD.  25°4130.  A.G. 

15.73 

10938.   9". 5 

8  =  +25°  9' 

5.29 

5.04 

5.05 

H. 

10>'.5. 

9".-. 

A.G.  14033. 

8 (-26°  30'  53". 1. 

a  =  201'  5ra  io».44 

1903.882         192.9 
.953         190.1 
.955         190.4 

1903.991           20.9 

BD.  29°4160.    A.G. 
a  =  20"  39"'  40«.33     ; 

1903.928         179.5 
.942         179.6 
.971         179.1 

2.73         M. 

11694.    9>'.2  ;  10". 
8  =  +29°  54'  26".7. 
20.12 
19.94 
20.39 

ights.     No  companion 
.12.     Seeing  very  good. 
M. 

14329     8" 8  •  8" 9 

1903.930         191.1 

5.13 
10992.    8>'.8 

8  =  +29°  0' 

4.02 
3.97 
4.05 
3.77 

H. 

;  9«.3. 

20  ".4. 

8  =  +28°  37'  57".2. 
6.27 

BD.28°3664.    A.G. 

a  =  201'  7,,,  14.  79 

1903.947         179.6 
BD                    \  G  ] 

20.16         H. 

2127.     9".3  ;  9".7. 
8  =  +29°  2'  58".8. 

5.94 

5.07 

5.24 

6.59 
6.09 

1903.953         306.1 
.955         303.0 
.971         305.4 
.983         304.0 

1903.946         269.0 

BD.  26°4727. 
a  =  23"  54™  0».36     ; 
Single. 

BD.  27-467.     A.G. 
a  =  23''  57"-  28^.95 

1903.928         289.1 
.942         288.0 
.969         289.0 

6.32         M. 
A.G.  14394. 

8 1-''6°  lo'  •'>b"  5 

a  =  211"  1"'  6«.53     ; 

1903.928         259.1 

.942         258.6 

.971         260.3 

1903.945         .304.6 

3.95 

11006.    9".3 
8  =  +28°  50 

18.36 
18.47 
18.45 

M. 

;  9\7. 
'  0'.7. 

BD.28°3668.    A.G. 
tt=20i'7"'49''.16 

1903.971         235.2 

.983         235.0 

1904.008         233.4 

1903,947         259.3 

BD.28°4192.    A.G. 

a  =  21'' 41-"  51M7     ; 

1903.928         157.3 

.942         157.3 

.961         158.3 

5.42         M. 

1289.5.    9".5  ;  10". 
8  =  +28°  29'  12''.4. 
9.48 
9.74 
9.04 

14424.     8«.8  ;  9«.6. 
.     8  =  +27°  17'  2".9. 

5.26 

5.48 

5.03 

1903.987         234.5 

18.43 

H. 

1903.944         157.6 

9.42         H. 

1903.946         288.7 

5.25         H. 

Kirk-irood  Observatory,   BUidmhujton,   Ind.,  1906  Juli/  31. 
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ON   THE   PERIOD   OF  THE 

By  NAOZO 
This  star  {B.D.  +47°G92)  is  also  one  of  Cekaski's 
variables,  and  was  announced  in  A.N.  4126  as  an  Algol- 
type  star,  with  a  raige  from  8". 3  to  9". 5  or  10".  I  began  to 
observe  this  star  on  Nov.  8,  and  on  that  very  night  ob- 
served it  to  have  the  magnitude  of  9". 4  ;  but  I  could  not 
follow  the  star  long,  as  it  clouded  over  two  and  a  half 
hours  after  my  first  observation,  when  I  had  obtained  only 
three  estimates. 

I  could  observe  this  star  on  Nov.  9,  10,  13,  15,  18,  22, 
23  and  27,  but  the  star  always  showed  its  normal  bright- 
ness ;  when  I  pointed  the  telescope  to  this  star  on  the  28th 
of  November,  I  noticed  the  brightness  to  be  a  little  fainter 
than  usual,  and  on  further  observation  I  saw  that  it  was 
still  decreasing.  Its  magnitude  was  estimated  eight  times 
Yerkes  Observatory,   1906  December  10. 


YAEIABLE   STAR    120.1906, 

ICHINOHE. 

1  on  this  night;    the   first   estimate  was   made  at  IV"  27'" 
G.M.T.,  and  the  last  at  23''  13"",  so  that  the  observations 

'  cover  about  half  a  day,  but  I  was  not  able  to  see  the  in- 
crease of  its  light.  Hence  I  could  not  determine  the  ejioeh 
of  minimum  exactly;  still  I  believe  that  it  was  pretty  near 
to  its  minimum,  because  the  last  estimation  was  about  9". 5. 
Prof.  Ceraski  noted  two  determinations  of  minimum  in 
A.N.  These  two  and  my  two  observations  show  that  the 
period  must  be  a  multiple  or  sub-multiple  of  C.SS.  But 
taking  all  my  observations  into  consideration,  I  think  that 
it  must  be  6''.85  itself.  Then,  roughly  speaking,  its  formula 
for  the  minimum  will  be  : 

1906  Nov.  29.0  +  G^.SS  E. 
The  duration  of  the  eclipse  is  about  one  whole  day. 


COMET  p    1906    (THIELE.Nov.lo).^ 


Elements  and  ephemeris  by  Stromgken  {Supplement  to 
A.N.  4134),  computed  from  observations  on  Nov.  10,  12 
and  14. 

Elements. 
T  =  1906  Nov.  22.3858  Berlin  M.T. 

u,  =     9°  47.54  ) 
Si  =  85     4.36  [■  1906.0 
i  —  57     9.57  ) 
log  q  =  0.08450 

Observation  by  Morgan 


1906  Nov.  12.8624  Gr.  M.T 


Ephemeris:  Berlin  midnight. 


1906 
Dec.  1 

10 

a 

'l4"58' 

8 
+  40°  18.4 

•> 

22  30 

41  34.3 

3 

30  12 

42  47.9 

4 

38     4 

43  59.2 

5 

46     4 

45     7.9 

6 

10 

54  13 

+  46  13.9 

a  =  9'^ 

25- 

36M     . 

8  =  +15° 

9.8036 


9.8141 


1.3 


1.2 


'From  Supplement  to  No.  590. 


COMET    Ji    1906    {METCALF,  Nov.   lo)  .^ 
Observations. 


Greenwich  M.T. 

a 

8 

Observer 

1906  November  16.5917 

4  4   16 

-2  44  48 

Metcalf 

16.6988 

4  11.4 

—  2  46  55 

Hammond 

19.5965 

4  3  30.7 

-3  25     1 

Wilson 

No.  .590. 
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ON   THE   ACTION   OF   THE 

Bv  SlilON 
I  have  recently  broiiglLt  to  substantial  completion,  and 
have  in  press,  a  determination  of  the  action  of  the  planets 
on  the  moon,  which  may  be  regarded  as  a  continuation  and 
completion  of  my  work  on  tliat  subject  published  in  1894.* 
It  has  been  carried  through  under  the  auspices  of  the 
Carnegie  Institution,  and  with  the  aid  of  Dr.  Frank  E. 
Ross. 

I  propose  in  advance  of  the  publication  to  present  a 
brief  resume  of  the  methods  and  results,  designed  not  only 
to  make  them  more  easily  known  than  can  be  done  in  the 
pages  of  an  extended  memoir,  but  to  facilitate  the  work  of 
the  reader  of  the  memoir  who  desires  to  make  a  study  of 
its  contents,  and  who  will  find  a  previous  orientation  on 
the  subject  useful. 

1.  Fwidamentul  Methods  and  Arrangeinent.  The  in- 
vestigation of  1894  was  based  on  the  idea  of  expressing 
the  moon's  coordinates  in  terms  of  the  osculating  elements, 
both  of  the  earth's  orbit  around  the  sun,  and  of  the  moon's 
around  the  earth,  strictlj'  developed  from  the  Lagrangian 
equations  for  the  variation  of  the  elements.  This  method 
unaltered  I  found  to  be  impracticable  of  application  from  the 
complexity  of  the  developments  required,  a  subject  which 
is  fully  discussed  in  the  memoir  itself.  The  difficulties 
were  avoided  in  the  present  work  by  regarding  the  elements 
of  the  earth's  motion  around  the  sun  as  given  quantities, 
to  be  introduced  from  the  beginning  in  the  differential 
equations.  Thus  the  six  elements  of  the  moon'.s  orbit 
around  the  earth  are  alone  taken  as  the  independent  vari- 
able elements.  These  elements  are  not  however  elliptic 
ones,  but  the  final  constants,  as  constructed  by  Delaunat 
in  his  theory. 

To  a  large  extent  the  work  may  therefore  be  regarded 
as  a  continuation  and  practical  completion  of  Delaunay's 
theory.  It  differs  in  principle  from  the  method  adopted 
by  Hill  in  taking  Delaunay's  complete  results  as  the 
basis,  instead  of  adding  the  necessarj'  Delaunay  operations 

*  Astronomical  Papers  of  the  American  Ephemeris,  Vol.  V,  Part  V. 


PLANETS   OX    THE   MOON, 

XEWCOJIB. 
to  the  elliptic  formulae,  as  Hill  had  done.*     It  may  be 
remarked  that  the  fundamental  numbers   given  by  Hill 
are  those  which  formed  the  basis  of  Radau"s  work. 

When  the  work  was  almost  complete  in  a  rough  form, 
the  completion  of  Bkown's  work  on  the  inequalities  due 
to  the  action  of  the  sun  appeared  in  print.t  A  little  ex- 
amination made  it  evident  that  in  most  points  this  work 
afforded  a  much  better  basis  than  that  of  Delaunay.  The 
result  was  successive  reconstructions  of  my  own  work,  by 
substituting  Brown's  results  for  those  of  Delaunay,  in 
deriving  most  of  the  fundamental  quantities.  I  desire  to 
acknowledge  the  very  courteous  way  in  which  Professor 
Brown  assented  to  this  use  of  his  work  before  the  publi- 
cation was  complete,  and  supplied  me  with  hints  in  utiliz- 
ing it. 

In  one  fundamental  point,  the  introduction  of  the  motion 
of  the  ecliptic,  the  idea  of  the  former  work  was  retained. 
The  differential  equations  of  the  lunar  coordinates  were 
transformed,  so  that  they  were  referred  to  the  moving 
plane  of  the  ecliptic  as  the  fundamental  plane  cb  initio, 
instead  of  the  fixed  plane  of  the  ecliptic.  It  was  found 
that  a  very  simple  addition  to  the  perturbative  function 
would  enable  this  to  be  done,  and  the  complexities  inherent 
in  the  subject  to  be  entirely  done  away  with.  It  may  be 
stated  that  the  fundamental  equations  proved  to  be  sub- 
stantially the  same  as  those  derived  by  HiLL.t  The 
adopted  method  of  integration  was,  however,  from  the 
nature  of  the  case,  entirely  different  from  that  of  Hill, 
being  at  once  assimilated  with  the  adopted  method. 

Hill  ||  has  shown  how  the  perturbative  function  arising 
from  the  action  of  the  planets  maj-  each  be  reduced  to  a 
sum  of  six  products  of  two  factors  each,  one  of  the  factors 
being  a  function  of  the  coordinates  of  the  planet  or  sun, 

*  Ibid,  Vol.  Ill,  Parts  II  and  IV. 
^Memoirs,  E.A.S.,  1899-100.5. 

t  "  Limar  inequalities  due  to  the  motion  of  the  ecliptic,"  Annals 
of  Mathematics,  Vol.  I. 

II  American  Journal  of  Matliirnatics,  Vol.  VI. 
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and  the  other  a  function  of  the  moon's  coordinates  only. 
This  was  the  method  adopted  by  the  writer  as  far  back  as 
1872-74,  when  his  earlier  work  was  really  executed,  but 
it  remained  unpublished  by  him  until  1894. 

One  advantage  of  this  method  is  that  the  terms  of  the 
perturbative  function  for  the  planetary  action  can  be  at 
once  combined  with  those  due  to  the  action  of  the  sun 
alone,  thus  simplifying  the  passage  from  the  action  of  the 
sun  to  that  of  a  planet.  It  has  also  the  advantage  that 
the  direct  and  indirect  actions  are  treated  on  a  uniform 
plan,  and  can  be  .jonibined  at  as  early  a  stage  in  the  pro- 
cess as  one  desires. 

The  tinal  form  to  which  the  differential  equations  for 
the  variations  of  the  six  elements  of  the  moon's  orbit  were 
reduced  is  the  following: 

For  the  elements  a,  {=  log.«),  e  and  y, 

For  the  elements  l^ ,  ir^  and  6^  (mean  longitude,  longitudes 
of  perigee  and  of  node  at  the  initial  epoch) : 

dl  I      all  ^H  aH\ 

Regarding  these  equations  as  expressing  the  direct 
action,  M  is  the  mass  of  the  planet,  and  H  the  perturbative 
function,  each  multiplied  by  certain  constant  factors,  while 
a^,  C;  and  y,  (t  =  1,  2,  3)  are  constant  numerical  factors, 
derived  from  the  Delaunay  theory.  H  is  of  the  form 
(3)  Ax"  +  B)f  +  Cs'  +  2  Dxy  +  2  Exs  +  2  Fi/z 

X,  ij  and  z  being  the  moon's  geocentric  coordinates.  The 
last  two  terms  of  H  may  be  dropped,  except  in  some 
special  cases. 

The  indirect  action  is  expressed  in  the  same  form,  sub- 
stituting m-  for  M,  and  certain  linear  functions  of  the 
perturbations  of  the  earth's  longitude,  latitude  and  radius- 
vector  for  A,  B,  C,  etc. 

It  will  be  seen  from  the  f)receding  expression  that  two 
distinct  developments  are  required ;  one  of  the  planetary 
factors.  A,  B,  etc. ;  the  other  of  the  lunar  factors,  .r^,  v/'-,  etc., 
and  of  their  derivatives  as  to  the  lunar  elements. 

2.  Choice  of  Coordinate  Axes.  The  most  important 
simplification  which  I  have  made  in  the  work  arises 
through  referring  the  coordinates  of  all  three  bodies  — 
moon,  sun  and  planet  —  to  an  Xaxis  passing  through  the 
mean  sun.  The  lunar  coordinates  first  reached  by  Brown's 
theory  are  practically  rectangular  ones,  referred  to  an 
,V-axis  passing  through  the  projection  of  the  mean  moon 
on  the  ecliptic.  The  reduction  of  Delaunay's  longitude 
to  either  of  these  systems  is  a  comparatively  simple  matter. 
The  passage  from  Brown's  coordinates  to  those  of  the 
adopted  system  is  merely  a  transformation  of  the  A'-axis 


through  the   angle  D,  the  moon's  mean  elongation  from 
the  sun. 

3.  iJeve/opmenf  of  Planeturi/  Factors.  The  develop- 
ment of  the  planetary  A,  B,  etc.,  has  formed  numerically 
the  heaviest  portion  of  the  work.  The  method  of  develop- 
ment was  suggested  by  the  special  nature  of  the  main 
point  in  view ;  the  certain  determination  of  any  possible 
inequality  of  long  period  hitherto  overlooked.  The  older 
observations  of  the  moon  seem  to  make  it  almost  certain 
that  there  must  be  at  least  one  inequality,  and  perhaps 
several,  with  a  period  of  two  or  three  centuries,  and  a 
coefficient  of  5"  or  more.  It  seemed  possible  that  the 
terms  of  the  second  order  due  to  the  mutual  perturbations 
of  Venus  and  the  Earth  might  give  rise  to  such  a  term. 
In  fact,  taking  the  perturbations  individually,  it  was  found 
that  the  result  might  possibly  be  of  this  order  of  magni- 
tude. An  apparent  objection  to  the  possibility  of  this 
conclusion  is  that  the  slight  effect  thus  produced  can  be 
only  a  minute  fraction  of  the  total  action  of  Venus.  This 
is  true,  but  the  same  thing  is  also  true  of  all  the  terms  of 
very  long  period,  notably  the  Hansenian  term,  which 
arises  from  a  very  small  fraction  of  the  total  action  of 
Venus,  and  is  sensible  only  because  multiplied  by  a  numeri- 
cal coefficient  of  several  millions. 

The  development  of  A,  B,  etc.,  for  Venus  and  Mars  is 
extremely  complex  even  when  the  perturbations  of  the 
planet  are  neglected.  Much  more  so  must  it  be  if  account 
is  taken  of  these  perturbations.  Moreover,  the  develop- 
ment as  executed  by  Delaunay  and  Radau,  which  pro- 
ceeds according  to  the  powers  of  the  eccentricity  and 
mutual  inclination,  apart  from  its  complexity,  can  scarcely 
fail  to  leave  doubt  as  to  the  inclusion  of  all  sensible  terms. 
The  apparent  alternative  is  the  one  which  I  adopted  in 
my  first  investigation ;  that  of  developing  the  coefficients 
by  the  Cauchy-Hansen  method,  in  which  the  eccentric 
anomaly  is  the  independent  variable.  But  a  difficulty  is 
here  met  with  which  is  surmountable  only  by  computing  a 
very  complex  set  of  terms  with  a  high  degree  of  numerical 
precision,  because  the  required  coefficients  come  out  as 
minute  differences  between  large  quantities. 

These  considerations  led  me  to  adopt  for  Venus  and 
Mars  a  development  by  purely  mechanical  quadratures. 
This  method  permitted  the  perturbations  to  be  taken 
account  of  without  a  great  addition  to  the  labor.  An  ad- 
ditional advantage  was  that  almost  the  entire  numerical 
work  was  one  of  purely  mechanical  computation. 

This  method  was  not  necessary  in  the  action  of  Jupiter  ; 
but  it  was  nevertheless  employed  on  account  of  its  theo- 
retical simplicity. 

4.  Lunar  Factors.  The  developments  of  the  lunar  factors 
a^-,  z/'^,  etc.,  and  of  their  derivatives  as  to  «,  e,  and  //,  have 
proved  the  most  troublesome  part  of  the  work.     The  plan 
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of  this  part  will  be  best  seen  by  a  consideration  of  the 
form  of  H  shown  in  (3).  The  planetary  factors,  A,  B,  etc. 
in  that  expression  are  formed  of  an  infinite  series  of  peri- 
odic terms,  of  which  the  constituents  of  the  arguments  are 
the  mean  longitudes  of  the  sun  and  of  the  planet.  The 
constituents  of  the  arguments  for  the  lunar  factors,  x",  etc., 
are  /,  ir  and  0  of  the  moon,  and  the  sun's  mean  anomaly, 
(/'.  The  latter  is,  therefore,  common  to  the  two  sets  of 
arguments,  planetary  and  lunar,  a  fact  which  however  does 
not  complicate  the  combination.  When  the  expression  for 
H  is  formed,  the  combined  arguments  will  be  the  sums  and 
differences  of  these  separate  lunar  and  planetary  argu- 
ments. The  method  emplo3-ed  by  Radau  was  to  take 
these  final  arguments  one  by  one,  and  select  the  combi- 
nation of  lunar  and  planetary  arguments  which  would  form 
them,  thus  developing  each  term  of  H  separately. 

Owing  to  the  vast  number  of  terms  which  might  become 
sensible,  and  to  the  advisability  of  proceeding  on  a  uniform 
plan,  the  system  adopted  in  the  present  work  was  to  effect 
what  was  supposed  to  be  a  complete  development  of  the 
planetary  factors,  and  another  one  of  the  lunar  factors, 
before  proceeding  to  the  multiplications  required  to  form 
the  final  terms  of  H  and  its  derivatives.  This  process 
makes  it  much  easier  for  a  student  of  my  work  to  verify 
and  make  use  of  it.  But,  as  the  work  progressed,  the  sys- 
tem as  I  applied  it  was  found  subject  to  a  drawback  arising 
from  the  exceptional  character  of  many  terms  whose  pro- 
ducts would  give  rise  to  appreciable  inequalities.  As  a 
general  rule  the  numerical  values  of  the  lunar  factors  are 
not  required  beyond  the  fifth  decimal,  and  only  in  excep- 
tional cases  beyond  the  third  or  fourth.  The  fifth  decimal 
was  therefore  taken  as  the  limit  of  precision  aimed  at. 
But,  after  all  the  combinations  were  made,  it  was  found 
that  there  were  many  cases  in  which  this  degree  of  pre- 
cision did  not  suffice  ;  and  it  was  necessary  to  repeat  several 
of  the  developments  ah  initio  to  the  sixth  or  even  the 
seventh  places  of  decimals.  It  was  also  found  that  in  some 
special  cases  the  lunar  arguments  which  had  been  dropped 
out  as  unimportant,  owing  to  the  minuteness  of  the  terms 
depending  on  them,  led  to  terms  worthy  of  computation. 

It  may  also  be  remarked  that,  at  the  outset,  it  was  sup- 
posed that  the  analytic  development  in  Action  would  suffice 
for  the  work.  This  expectation  proving  ill-founded,  the 
developments  of  the  moon's  coordinates  given  by  Delau- 
NAT  —  then  those  by  Hansen  —  and  finally  those  by 
Brown  were  used  in  the  case  of  those  terms  in  which 
greater  precision  was  needed. 

The  want  of  homogeneity  thus  arising  in  the  tables  could 
be  cured  by  a  fresh  development  from  the  fundamental 
data  of  Brown  and  Delaunay  ;  but  I  do  not  think  any 
important  change  would  thus  result  in  the  expressions  for 
the  inequalities  of  the  moon's  elements  in  Part  IV.  The 
general  outcome  of  the  successive  emendations  to  which 
this  part  of  the  work  had  to  be  subjected  is  that  it  bears  a 


fragmentary  aspect,  and  that  it  does  not  pretend  to  com- 
pleteness as  to  the  minute  terms  of  long-period.  Although 
I  have  endeavored  to  include  in  the  work  every  term 
that  can  be  of  practical  importance  in  the  lunar  theory,  I 
shall  feel  more  confidence  in  the  success  of  this  endeavor 
when  some  one  else  shall  have  tried  independently. 

The  more  imjiortant  of  the  results  will  now  be  briefly 
set  forth. 

5.  T](e  ■Jovifin  Evertion.  The  existence  of  this  term 
was  brought  out  empirically  by  the  writer  in  1875.  The 
coefficient  derived  from  observation  was  1".5.  Its  origin 
was  discovered  b}-  Nieson  (now  Nevill),  who  showed  it 
to  be  due  to  the  action  of  Jupiter,  and  computed  the  co- 
efficient 1".16.  It  is  a  result  of  an  inequality  of  the 
eccentricity  and  perigee  of  the  moon  having  a  period  of 
about  seventeen  years,  and  produced  bj'  Jupiter  in  the 
same  way  that  the  sun  produces  the  evection ;  hence  the 
term  Jociun  Evection.  Nevill  computed  a  term  in  the 
mean  longitude  having  the  same  period,  and  found  a  co- 
efficient of  2". 

The  next  theoretical  computation  was  by  Hill,  who 
reduced  the  coefficient  to  0".90  for  the  evection  and  0".209 
for  the  mean  longitude.  Later  Eadau,  in  his  independent 
work,  reproduces  Hill's  coefficients.  This  independent 
confirmation,  apart  from  the  fullness  with  which  Hill's 
work  was  given,  inspired  full  confidence  in  the  result. 

Such  being  the  case,  I  was  much  surprised  when  Dr.  Ros.*, 
who  made  a  preliminary  computation  of  the  principal  terms, 
using  the  methods  of  Hill  and  Radau,  reproduced  Nevill's 
coefficient,  1".16.  This  result  I  withheld  from  publication 
until  it  should  be  confirmed  by  my  own  work.  This  has 
been  done,  my  definitive  result  being  1".15.  The  difference 
from  Hill's  number  arises  from  the  fact  that  Hill,  and 
doubtless  Radau,  included  in  the  indirect  action  only  the 
principal  perturbations  of  the  Earth  produced  by  Jupiter. 
The  yet  larger  coefficient,  1".5,  which  I  found  from  the 
observations,  is  accounted  for  by  the  correction  derived  by 
Hill  to  Hansen's  term  in  the  mean  longitude  depending 
on  the  moon's  node.  The  period  of  the  node  and  of  the 
Jovian  evection  differ  so  little  that  the  two  may  be  com- 
bined during  a  considerable  time,  and  it  happened  that  the 
combined  effect  reached  its  maximum  during  the  period  of 
observations  which  I  discussed. 

6.  The  Hansenian  Inequality  of  Long  Period  due  to  the 
Action  of  Venus.  The  possibility  that  this  inequality  might 
be  modified  when  the  mutual  perturbations  of  Venua  and 
the  Eart]i  were  taken  into  account  was  a  strong  incentive 
toward  taking  up  the  work.  But  this  was  not  found  to  be 
the  case.     The  result  is  : 

8/  =  14".90  sin  (18  r-\Qg'-fi+22%°  33') 
where  V  is  the  mean  longitude  of   Venus  reckoned  from 
the  earth's  perihelion,  and  g'  and  p  are  the  mean  anomalies 
of  the  sun  and  moon.     Radau's  coefficient,  when  reduced 
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to  the  adopted  mass  of  VetiK.s.  1  -=-  408000,  is  14".14.  The 
deviation  of  the  present  from  previous  values  is  much  too 
small  to  account  for  the  enigmatical  inequality  in  the 
moon's  mean  longitude.  The  value  which  I  now  find  differs 
but  little  from  my  value  of  1895.  In  both  computations 
the  most  important  innovation  made  was  in  taking  account 
of  the  solar  perturbations  of  the  moon  in  the  development 
of  the  lunar  factors  x'-,  etc. 

Besides  the  complete  computation  of  A,  11,  etc.,  for  this 
term,  in  which  perturbations  were  included,  I  computed 
the  fundamental  numbers  for  a  separate  determination  of 
that  part  of  the  inequality  arising  from  the  periodic  per- 
turbations of  Venus  and  the  Earth.  Kut  as  the  result 
showed  that  this  part  of  the  term  did  not  amount  to  more 
than  a  fraction  of  a  second,  I  have  made  no  attempt  to 
complete  the  computation.  The  effect,  whatever  it  maj' 
be,  is  included  in  my  final  result  as  above  quoted. 

7.  The  Secular  Acceleration.  The  theoretical  value  of 
this  element  to  which  I  am  led  is  markedly  smaller  than 
any  hitherto  derived,  being  5".80.  It  rests  on  the  value 
—  8". 595  of  the  secular  variation  of  the  earth's  eccentricity 
for  1850.  It  cannot  be  readily  compared  with  preceding 
values  for  which  the  adopted  value  of  this  number  is  not 
precisely  known.     Dklaunay  uses  as  a  datum 

f»if'Jr'  =  -635"  r- 
from  which  he  derived  the  result  6".ll  in  1859.  My  num- 
bers give  6". 05  for  this  integral.  Reducing  this  result  of 
Uelaunay  in  proportion  to  this  factor  would  give  5".82, 
in  fair  agreement  with  my  result.  But,  in  his  last  paper 
on  the  subject,  Delaunay  adds  terms  depending  on  the 
ninth  and  tenth  power  of  m,  which  he  found  to  change  in 
sign  from  the  preceding  terms  of  the  series,  and  to  increase 
the  result  by  0".066  after  the  first. 

The  latest  work  on  this  subject  with  which  I  am  ac- 
quainted, is  the  Inaugural  Dissertation  of  Dr.  Albert  von 
Brunn.*  The  final  result  of  this  very  elaborate  investi- 
gation is  5". 9768.  But  I  cannot  find  that  the  adopted 
secular  motion  of  e'  for  1850  used  in  the  work  is  explicitly 
stated,  and  my  efforts  to  infer  it  from  the  author's  state- 
ments, either  deductively  or  inductively,  have  failed. 

It  should  be  said  that  the  parallactic  terms  have  been 
entirely  omitted  in  my  work,  and  I  do  not  suppose  they 
would  be  sensible  in  the  present  case. 

As  the  practical  value  of  the  acceleration  to  be  used  in- 
cludes the  effect  of  the  earth's  tidal  retardation,  the 
amount  of  which  must  be  determined  empirically,  it  follows 
that  the  theoretical  value  of  the  acceleration  is  of  less 
immediate  practical  interest  than  it  otherwise  might  be. 

8.  Motions  of  the  Ferifjee  and  Node.  The  parts  of 
these  motions  due  to  the  action  of  the  i)lanets,  as  well  as 
of  the  sun,  liave  been  computed  by  Professor  Brown.  In 
(consequence  of  the  unavoidable  uncertainty  of  the  earth's 

*  Die  Siikularhesi-hleuninuny  des  Mondes,  Giittingen,  1905. 


ellipticity,  the  motions  to  be  used  in  future  lunar  tables 
must  be  derived  from  observation.  The  theoretical  values 
are,  however,  of  interest,  especially  in  the  case  of  the 
perigee,  the  motion  of  which  would  be  materially  changed 
if  the  earth's  gravitation  were  not  exactly  as  the  inverse 
square.  The  hypothesis  as  to  the  sun's  gravitation  which 
I  have  shown  would  best  represent  the  motion  of  the  peri- 
helion of  Mercuri/,  when  applied  to  the  case  of  the  earth 
and  moon,  would  result  in  an  increase  of  the  centennial 
motion  of  the  perigee  by  about  150".  Bkown's  results 
showed  that  there  could  be  no  such  increase,  and  my  own 
more  than  confirm  this  conclusion,  as  my  theoretical  result 
is  greater  than  his.  It  may  be  remarked  in  this  connection 
that  the  deviation  of  the  sun's  gravitation  from  the  inverse 
square  would  also  result  in  a  further  acceleration  of  the 
lunar  perigee ;  but  the  amount  of  this  has  not  been  com- 
puted. 

My  computation  of  the  direct  action  of  the  planets  from 
Venus  to  Satrirn  compare  with  Brown's  as  follows  : 


Perigee 

Node 

Action  of 

N 

li 

N-H 

.V 

B 

y-B 

Venus 

200.31 

196.6 

+  3.7 

-81.96 

81.9 

-0.1 

Mars 

3.64 

3.4 

+  0.2 

-   2.51 

2.5 

0.0 

Jupiter 

61.06 

58.2 

+  2.9 

-53.89 

53.6 

-0.3 

Saturn 

2.91 

2.6 

+  0.3 

-   2.63 

2.5 

-0.1 

As  the  details  of  Brown's  computations  are  unpublished 
I  cannot  explain  the  difference.  In  computing  the  indirect 
action.  Brown  has  used  the  constants  of  the  earth's  log  r 
given  in  my  tables  of  the  sun.  I  have  deemed  it  desirable 
in  the  present  problem  to  use  a  more  rigorous  develop- 
ment. This  is  found  in  the  present  volume  of  the  A.  J., 
No.  590.  Moreover,  I  have  computed  only  the  combined 
indirect  action  of  all  the  planets,  conceiving  that  little  im- 
portance would  attach  to  the  individual  values.  The 
modification  of  Brown's  results  thus  reached  proves  to  be 
comparatively  small.  Of  interest  is  an  ulterior  correction 
to  the  centennial  motions,  amounting  to  —  2".64  for  tt,  and 
—  0".18  for  $,  which  arises  through  the  adjustment  of  the 
constants  of  integration,  especially  of  the  mean  distance  or 
mean  motion.  The  motion  of  the  perigee  and  node  due  to 
the  action  of  the  sun  alone  is  based  upon  the  expression  of 
the  moon's  radius-vector  in  terms  of  a  constant  w,  repre- 
senting the  observed  mean  motion  of  the  moon  in  longi- 
tude. When  the  action  of  a  planet  is  taken  account  of  in 
the  usual  way,  the  relation  between  n  and  r  is  taken  to 
remain  unchanged.  But,  in  fact,  when  the  arbitrary  con- 
stants introduced  in  integrating  the  planetary  action  are 
adjusted,  a  correction  comes  in  which  we  may  apply  in- 
differently either  to  »  or  to  r.  In  which  way  soever  we 
make  this  change,  it  will  modify  the  action  of  the  sun  on 
the  perigee  and  node.  We  may  therefore  regard  the  cor- 
rection as  due  eitlier  to  planetary  or  solar  action,  the  two 
being  comliined  in  ])roducing  it. 
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obseevatio:n^s  of  comets, 

MADE    WITH    THE    10-INCH    EQUATORIAI,   OF   THE   CINCINNATI   OliSEIlVATOKY, 

By  J.  G.  PORTER,  Dire(^tor. 


1906  Cincinnati  M.T.I  * 

Comp. 

Ja 

j8      App.  a 

App. 

8 

log  pA 

Red.  to 

App.  PI. 

Co 

MET  1905  VI  (1906  a) 

Feb. 

1  16  41  36 

1 

8,8 

+  0 

'30'84 



3'  27^1 

16  12  52.75 

+  57° 

41 

14.0 

M9.749 

710.144 

-1.44 

-10^7 

3  1 2  59  32 

2 

8,8 

-0 

15.74 

— 

5  0.2 

16  9  4.30 

+  61 

13 

18.6 

W9.978 

0.486 

-1.46 

-11.4 

3  13  33  43 

2 

8  ,  8 

-0 

19.09 

— 

2  10.3 

16  9  0.95 

+  61 

16 

8.5 

M9.977 

0.336 

-1.46 

-11.4 

8  13  44  34 

5 

8  ,8 

+  3 

6.76 

— 

2  21.7 

15  47  59.77 

+  71 

25 

0.2 

?i0.135 

M9.306 

-1.42 

-13.4 

15  10  13  1 

6 

4  ,  4 

-8 

51.21 

_ 

4  28.0 

12  55  45.18 

+84 

3 

30.4 

mO.630 

n0.056 

+  3.47 

-12.4 

27  10  24  13 

7 

6,6 

+  3 

3  22 

— 

1  30.8 

5  58  48.84 

+  69 

27 

24.6 

9.951 

?i0.432 

+  1.04 

+  7.2 

Mar. 

17  8  27  30 

8 

6  ,  6 

+  0 

56.93 

+ 

5  47.3 

5  40  31.58 

+  48 

43 

42.8 

9.614 

W9.683 

-0.07 

+  2.2 

21  7  44  3 

9 

9,6 

+  1 

14.68 

— 

0  40.8 

5  41  19.52 

+  45 

42 

35.2 

9.505 

W9.606 

-0.15  +  1.3  1 

22  8  27  65 

10 

9  ,  6 

-1 

34.29 

- 

4  34.2 

5  41  37.34 

+  44 

59 

9.3 

9.628 

9.443 

-0.17 

+  1.1 

Comet  1905  IV  (1906  />). 

Mar. 

17  10  55  20 

11 

6,8 

-0 

5.22 



0  22.1 

11  29  51.87 

+  2 

0 

27.0 

n9.037 

0.723 

+  1.19 

-  8.6 

20  10  48  22 

12 

6.6 

+  0 

12.64 

+ 

3  55.7 

11  28  36.60 

+  2 

4 

29.5 

n8.986 

0.722 

+  1.21 

-  8.8 

21  9  33  52 

12 

6,6 

-0 

10.76 

+ 

5  15.7 

11  28  13.20 

+  2 

5 

49.5 

«9.358 

0.725 

+  1.21 

-  8.8 

22  10  33  0 

12 

9,6 

-0 

35.87 

+ 

6  45.3 

11  27  48.08 

+  2 

7 

19.1 

W9.043 

0.722 

+  1.20 

-  8.8 

31  9  56  46 

13 

7,6 

+  0 

37.24 

— 

3  50.0 

11  24  29.11 

+  2 

19 

20.4 

ra9.022 

0.720 

+  1.18 

-  8.9 

Apr. 

2  10  2  11 

13 

10,6 

-0 

1.37 

— 

1  44.7 

11  23  50.50 

+  2 

21 

25.7 

?t8.893 

0.719 

+  1.18 

-  8.9 

3  9  48  47 

13 

10  ,6 

-0 

19.51 

_ 

0  47.1 

11  23  32.36 

+  2 

22 

23.3 

n8.982 

0.719 

+  1.18 

-  8.9 

10  7  56  34 

14 

6  ,6 

+  0 

44.05 

+ 

4  17.5 

11  21  44.61 

+  2 

27 

32.3 

n9.395 

0.722 

+  1.12 

-  8.7 

11  8  51  23 

14 

6  ,  6 

+  0 

30.92 

+ 

4  46.8 

11  21  31.48 

+  2 

28 

1.6 

?i9.154 

0.719 

+  1.12 

-  8.7 

12  9  52  36 

14 

6,6 

+  0 

18.63 

-h 

5  15.8 

11  21  19.19 

+  2 

28 

30.6 

W8.156 

0.718 

+  1.12 

-  8.7 

16  9  34  2 

14 

6  ,  6 

-0 

20.92 

+ 

6  15.9 

11  20  39.64 

+  2 

29 

30.7 

«8.267 

0.718 

+  1.11 

-  8.7 

19  9  50  59 

15 

4  ,  6 

+  0 

41.03 

+ 

3  .33.2 

11  20  18.27 

+  2 

29 

29.5 

8.597 

0.718 

+  1.08 

-  8.6 

19  9  50  59 

14 

4,  6 

-0 

42.25 

+ 

6  12.8 

11  20  18.28 

+  2 

29 

27.7 

8.597 

0.718 

+  1.09 

-  8.6 

23  10  24  54 

15 

6  ,  6 

+  0 

24.83 

+ 

2  28.3 

11  20  2.02 

+  2 

28 

24.9 

9.137 

0.719 

+  1.03 

-  8.3 

23  10  24  54 

16 

6,  6 

+  0 

5.67 

— 

8  14.6 

11  20  2.16 

+  2 

28 

23.0 

9.137 

0.719 

+  1.03 

-  8.3 

26  10  12  24 

15 

6  ,6 

+0 

22.13 

+ 

0  49.6 

11  19  .59..30 

+  2 

26 

46.3 

9.133 

0.719 

+  1.01 

-  8.2 

May 

13  8  33  56 

17 

6,6 

-0 

.55.80 

+ 

4  30.0 

11  22  9.57 

+  2 

.3 

49.8 

8.845 

0.722 

+  0.88 

-  7.5  1 

14  8  46  42 

17 

6  ,  6 

-0 

40.30 

+ 

2  28.5 

11  22  25.06 

+  2 

1 

48.4 

9.011 

0.723 

+  0.87 

-  7.4 

16  S  50  42 

17 

6,  8 

-0 

7.12 

— 

1  54.0 

11  22  58.22 

+  1 

57 

26.0 

9.095 

0.724 

+  0.85 

-  7.3 

23  8  59  8 

18 

6  ,  6 

+1 

19.95 

_ 

3  24.5 

11  25  18.72 

+  1 

39 

46.1 

9.273 

0.727 

+  0.76 

-  6.8 

24  9  11  16 

18 

6,6 

+1 

43.02 

— 

6  1.5.7 

11  25  41.78 

+  1 

36 

54.9 

9.333 

0.728 

+  0.75 

-  6.8 

June 

9  9  33  28 

19 

6,4 

+  0 

33.17 

+ 

1  30.8 

11  .33  28.34 

+  0 

42 

5.1 

9..527 

0.737 

+  0.65 

-  5.9 

14  9  11  29 

21 

6  ,4 

+  0 

13.57 

— 

7  42.2 

11  .36  26.71 

+  0 

21 

37.2 

9.518 

0.740 

+  0.61 

-  5.5 

21  9  5  6 

23 

6,  6 

+  0 

46.60 

— 

9  43.8 

11  40  59.92 

-  0 

9 

21.9 

9.546 

0.743 

+  0.56 

-  5.0 

Comet  1906  ,'/. 

Nov. 

22  12  42  38 

24 

8  ,  8 

+  0 

39.81 

+ 

6  21.3 

10  16  26.71 

+  28 

18 

19.1 

M9.710 

0.645 

+  1.77 

-19.0 

24  14  44  36 

25 

8,G 

+1 

7.39 

_ 

0  23.5 

10  29  11.17 

+  31 

13 

48.6 

«9.628 

0.411 

+  1.73 

-20.3 

Dec. 

11  13  23  57 

26 

6  ,  4 

-0 

49.35 

+  10  26.5 

12  36  10.19 

+  51 

5 

54.0 

TO9.861 

0.516 

+  0.64 

-25.8 

Comet  1906  h. 

Nov. 

22  11  41  30 

27 

6,6 

o 

26.86 

_ 

9  45.6   4  2  43.58 

-  3 

58 

54.4 

M8.506 

0.777 

+  3.10  +  4.8  1 

24  14  7  51 

28 

8  ,6 

-1 

9.41 

+ 

6  38.2   4  2  10.93 

-  4 

19 

21.4 

9.416 

0.758 

+  3.10 

+  4.7 

Dec. 

12  11  26  25 

29 

8.6 

+1 

7.12 

_ 

6  25.7 

3  59  14.51 

—  5 

32 

42.4 

9.006 

0.788 

+  3.17 

+  2.3 

18  9  53  16 

29 

8,6 

+1 

23.47 

+ 

4  0O.9 

3  59  30.90 

-  5 

21 

26.5 

M8.579 

0.787 

+3.21 

+  1.6 
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Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

"23!35 

+  57 

s 

44 

Authority 

* 

a 

8 

Authority 

1 

16  12 

51.8 

Hels.&Gotha,A.G.  8712 

16 

19 

55.46 

+   2  36 

45.9 

Albany,  A.G.  4265 

2 

16     9 

21.50 

+  61 

18 

30.2 

Comp.  with  3  and  4 

17 

23 

4.49 

+   1  59 

27.3 

Albany,  A.G.  4283 

3 

16  10 

10.82 

+  61 

26 

22.8 

Hels.&CTOtha,A.G.8698 

18 

23 

58.01 

+   1  43 

17.4 

Albany,  A.G.  4290 

4 

16  14 

46.72 

+  61 

7 

13.3 

Hels.&Gotha,A.G.  8725 

19 

32 

54.52 

+   0  40 

40.2 

Comp.  with  20 

5 

15  44 

54.43 

+  71 

27 

35.3 

0.  Arg.  15690 

20 

30 

58.40 

+   0  43 

47.2 

Nic,  A.G.  3273 

6 

13     4 

32.92 

+  84 

8 

10.8 

Carringtou  1956 

21 

36 

12.53 

+   0  29 

24.9 

Comp.  with  22 

7 

5  55 

44.58 

+  69 

28 

48.2 

Hels.&Gotha,  A.G.  968 

22 

38 

31.11 

+   0  42 

26.4 

Nic,  A.G.  3298 

8 

5  39 

34.72 

+48 

37 

53.3 

Bonn,  A.G.  4708 

23 

40 

12.76 

+   00 

26.9 

Nic.  A  G.  3304 

9 

5  40 

4.99 

+  45 

43 

14.7 

Bonn,  A.G.  4721 

24 

10 

15 

45.13 

+  28  12 

16.8 

Camb.,Eug.,  A.G.  5311 

10 

5  43 

11.80 

+  45 

3 

42.4 

Bonn,  A.G.  4751 

25 

10 

28 

2.05 

+31  14 

32.4 

Leiden,  A.G.  4217 

11 

11  29 

55.90 

+  2 

0 

57.7 

Albany,  A.G.  4308 

26 

10 

36 

58.90 

+50  55 

53.3 

Camb.,Mass.,A.G.4121 

12 

11  28 

22.75 

+   2 

0 

42.6 

Comp.  with  11 

27 

4 

i> 

7.34 

-   3  49 

13.6 

Heid.412,  Rad3  981 

13 

11  23 

50.69 

+   2 

23 

19.3 

Albany,  A.G.  4288 

28 

4 

3 

17.24 

-   4  26 

4.3 

Schjellerup  1302 

14 

11  20 

59.44 

+  2 

23 

23.5 

Albany.  A.G.  4271 

29 

3 

58 

4.22 

-   5  26 

19.0 

W.B.3S1081,  War674 

15 

11  19 

36.16     +   2 

26 

4.9 

Albany,  A.G.  4264 

OBSERVATIONS    OF   THE   SATELLITES   OF    SATURN  IN    190(3, 


MADE    WITH   THE   26-INCH    EQUATORIAL 

By  J.  C.  H 
[Communicated  by  Rear-Admiral  Asa 
In  the  following  observations,  the  position-angles  were 
taken  about  the  inner  satellite  of  each  pair.     Usually  eight   1 
settings  in  position-angle  and  eight  measurements  of  dis- 
tance were  made.     A  magnifying  power  of  400  diameters 
was  used,  unless  otherwise  stated.     When  the  distance  of 
lapetus  from  Titan  exceeded  450",  the  differences  of  right- 
ascension  and  declination  of  this  pair  were  observed  by  the 
method  of  transits.     The  printed  differences  in  a  and  8  in 
these  cases  are  in  the  sense  lapetus  minus  Titan.     They 
have  been  corrected  for  the  motion  of  Saturn  during  the 
interval  between  the  transits  of  the  satellites.     In  all  cases, 
corrections  have  been  applied  for  differential    refraction 
and  for  the  constants  of  the  instrument. 


at   the    U.S.    NAVAI.    OBSERVATOnV, 

.\MMOND. 

Walker,  U.S.N.,  .Superintendent.] 

The  micrometer  was  not  disturbed  during  the  series,  and 
the  parallel  remained  constant.  The  adopted  value  of  the 
correction  for  parallel  (+0°.427)  is  the  mean  of  eleven 
determinations.  Bright  iield  illumination  was  used  through- 
out, except  in  the  case  of  Hyperion.  The  value  of  one 
revolution  of  the  micrometer  screw  is  the  same  as  that 
hitherto  used : 

1  rev.  =  9".9316  -  0".00005  (<-50°  Fah.) 

In  the  last  column  is  noted  tlie  condition  of  the  seeing, 
the  following  abbreviations  being  used  :  p  =  poor.  /'  =  fair, 
g  =  good,  and  e  =  excellent  seeing. 


Rem.    No 


Date        Wash.  M.T. 


Wash.  M.T. 


1906  I         h       111       s  '  o  h       m       s 

1  July  30  '  13  47  18      94.45    13  47  11 

2  Aug.  15    12  40  40    274.48    12  41     0 

3  18    11  50  11      98.76    11  50  14 

4  22    12  15  58      99.14    12  15  50 

5  Sept.    1    11  27     1    263.01     11  27     9 

6  5    11  52  49    101.07    11  52  59 

7  6    11  43  10    243.59    11  43  10 

8  12  I  11  21  37    277.16    11  21  43 
(')  Comparisons  4,  4.         (^)  Comparisons  6,  6. 

1  July   30 

2  Aug.  15 

3  18 

4  22 

5  Sept.    5 
6 

12 
(')  Comparisons  4,  4.        ('•')  Comparisons  6,  6. 


Tethys-Rhea. 


121.29 

e 

9 

128.98 

e 

10 

97.38 

'1 

11 

97.57 

f 

12 

38.64 

f 

13 

23.51 

f 

14 

18.60 

'1 

15 

56.37 

1' 

16 

Sept.  18 
19 
21 
23 


Oct. 


11  16 

52 

96.42 

9  19 

35 

100.50 

10  12 

25 

334.15 

10  22 

44 

99.75 

9  45 

25 

250.98 

9  27 

36 

184.06 

8  47 

16 

278.59 

8  21 

51 

63.44 

11  16  57 

37.12 

9  19  25 

70.87 

10  12  32 

5.96 

10  22  58 

103.41 

9  45  15 

18.55 

9  27  45 

13.16 

8  47     7 

102.29 

8  21  59 

6.77 

Tethys-Dione. 


13 

38  20 

99.60 

12 

29  19 

107.49 

11 

38  38 

98.54 

12 

5  19 

273.35 

11 

30  15 

283.70 

11 

56     6 

99.78 

11 

53  27 

257.02 

13  38  28 

55.39 

e' 

8 

12  29  28 

10.21 

e 

9 

11  38  36 

82.17 

n 

10 

12     5  30 

31 .50 

f 

11 

11  30     7 

52.04 

f 

12 

11  56  10 

81.58 

1 

13 

11  53  24 

31.75 

e 

Sept 

19 

21 

Oct. 

7 

12 

13 

14 

9 

54 

57 

90.13 

0 

2 

23 

276.70 

9 

26 

5 

272.83 

9 

2 

26 

108.66 

8 

41 

44 

281.08 

8 

10 

42 

97.19 

9  55  14 

67.62 

10     2  38 

13.08 

9  26  13 

88.53 

9     2  37 

45.65 

8  41  41 

75.88 

8  10  45 

67.49 
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No. 


Wash.  M.T. 


Dione—Rheo. 


1906 

July  30 

Aug.  15 

18 

22 


Sept. 


13 

30  44 

90.04 

12 

51  1 

275.52 

12 

6  15 

98.97 

12 

39  18 

97.12 

11 

40  2 

103.18 

12 

9  22 

273.42 

1  O 

2  21 

300.46 

13  30  42 

65.68 

el 

8 

12  51  8 

138.33 

e 

9 

12  6  17 

16.58 

1 

10 

12  39  22 

127.78 

f 

11 

11  39  59 

73.79 

f 

12 

12  9  13 

99.16 

f- 

13 

12  2  20 

28.50 

e 

Sept.  19 
19 

Oct.  7 
12 
13 
14 


10 

(; 

10 

189.38 

10 

15 

21 

196.53 

9 

35 

22 

98.72 

9 

11 

13 

271.98 

8 

58 

8 

271.28 

8 

32 

50 

281.34 

0 

10  36 

13.08 

9 

35  32 

72.85 

9 

11  21 

40.25 

8 

58  20 

27.32 

8 

32  56 

61.16 

(■)  Comparisons  S,  7.         (-)  Comparisons  8,  9.         (•')  Comparisons  4,  S.         (*)  Comparisons  4, 


(°)  Comparisons  6,  6. 


July 


Aug 


Enceladus-  I'ethijs. 


14  46 

30 

147.43 

14  54 

26 

158.59 

13  59 

50 

274.24 

12  17 

46 

94.72 

11  25 

7 

272.31 

11  55 

44 

86.61 

11  47 

0 

98.70 

Sept.     1 
(')  Comparisons  4,  S.         (-)  Comparisons  4, 


Sept.  4 
6 
12 
19 
21 
13 
15 
(')  Comparisons  4,  4.         (*)  Comparisons  6,  6  ;  satellites  very  faint. 

-\Iimas-EnceJadiis. 


14  50  39 

3.50 

P' 

8 

f- 

9 

14  0  2 

67.67 

e 

10 

12  18  3 

83.70 

e 

11 

11  28  58 

22.05 

<l' 

12 

11  55  32 

15.13 

f 

13 

11  47  10 

18.39 

f 

14 

11 

6  47 

277.31 

11 

30  22 

68.88 

11 

13  10 

286.06 

9 

36  33 

274.01 

9 

51  14 

287.33 

8 

35  40 

99.44 

7 

31  20 

245.19 

11  6  51 

79.12 

11  29  49 

5.86 

11  13  16 

15.18 

9  36  49 

82.81 

9  51  13 

12.02 

8  35  51 

56.35 

7  31  25 

15.73 

1  I  Aug.  15  I  12     2 

2  22    12  28 

3  I  Sept.    1  I  11  16 
(1)  Comparisons  4,  4. 


2 

264.89 

7 

277.84 

24 

94.83 

Aug.  15  I  12     8 

Sept.    1    11     7 

19      9     5 

(')  Comparisons  4,  4. 


12     2  15 
12  26  32 
11  16  23 
(■-)  Comparisons  4,  5. 

95.75    12     9     8 

95.78  I  11     7  17 

265.07      9     5  24 

(-)  Comparisons  ,5,  4. 


9.83 
59.02 
53.31 


Sept.  19 
Get.    14 


8  55     5 
7  48     2 


(■■')  Comparisons  4,  5  ;  briglit  wires 


73.59 
73.65 
19.02 


Mimas-  I'efliiis. 


Oct. 


9  19  21 

7  58  22 


95.81 
255.97 


281.02 
284.42 


8  55  16 
7  47  47 


9  19  16 

7  58  14 


62.33 
5.23 


53.96 
44.95 


(•^  Comparisons  4,  4  ;  bright  wires. 
Rhea-TitniL. 


14  23 
14  24 
13  3 
12  19 

11  36 

12  3 
12  2'' 

(')  Comparisons  6,  6. 


July 

19 
30 

Aug. 

15 
18 

Sept. 

1 
5 

6 

57 

275.28 

30 

257.95 

47 

102.18 

20 

274.33 

14 

266.06 

53 

277.64 

46 

285.97 

14  24  17 

96.39 

f 

8 

14  24  24 

49.21 

e 

9 

13  3  20 

112.09 

K 

10 

12  16  47 

215.63 

ft 

11 

11  36  25 

57.87 

f 

12 

12  4  9 

2.38.35 

f 

13 

12  23  2 

91.78 

'J 

14 

Sept. 


Oct. 


10 

48  27 

352.39 

10 

53  46 

326.17 

11 

41  24 

96.73 

10 

25  46 

274.88 

9 

37  21 

87.56 

9 

6  54 

93.87 

7 

46  27 

100.98 

10  48  26 

12.82 

10  54  12 

21.22 

11  41  28 

237.28 

10  25  49 

186.97 

9  37  18 

166.41 

9  7  10 

261.06 

7  46  36 

104.89 

34 

93.37 

o 

97.69 

24 

273.46 

13  .")3  35 
15  8  11 
11  22  49 


Titan-Hyperion. 


July  21  I  13  53 
24  I  15     8 
Sept.  14  I  11  21 
(')  Comparisons  4,  4  ;  Hyperion  very  faint.         (-)  Ui/perion  very  faint.         (')  Comparisons  6,  6. 


176.45  1  ff 

4  j 

106.24  p 

^ 

287.17  j  p' 

6 

Sept.  19 
Oct.      8 
15 


10  45  5 

39.11 

9  51  .34 

263.62 

8  17  25 

346.12 

n 


10  45  16  I  28.66 
9  51  35  77.32 
8  16  56  I  27.51 
Comparisons  5,  4. 


1 

July 

24 

2 

30 

3 

Aug. 

18 

4 

Sept. 

1. 

5 

.3 

6 

4 

7 

5 

8 

7 

15  22 
14  11 
12  39 
11  58 
11  39 

11  18 

12  19 
10  36 


(')  Power  17.5. 


33.36 
296.52 
261.22 
254.43 
143.80 
119..59 
113.45 
112.02 
Briglit  wires. 


15  22  26 

14  11  33 

12  ,39  17 

11  58  40 

11  39  38 

11  18  12 

12  19  47 
10  36  30 


Titan-Iapeti 


79.68 

P 

9 

124.81 

e 

10 

404.44 

n' 

11 

167.06 

f 

12 

70.23 

p 

13 

123.96 

p 

14 

1.59.01 

f 

15 

148.26 

P 

Sept. 


Oct. 


Ja 


(•')  Comparisons  6,  6. 

Titan- la petus   [rectangular]. 


July  19 
Aug.  15 
Sept.  19 


15  4  14 
13  21  56 
11     9  55 


+  .35.60  15  4  14 
-39.121  13  21  56 
+  44.92   11     9  55 


(')  Bright  wires;  power  175;  comparisons  25:5. 


+  .56.5 

f 

4 

-27.3 

>-} 

5 

+  21.3 

a' 

Sept.  23 
Oct.   7 


10  37  54 

10  59  4 

11  .30  .55 
9  47  41 
9  18  9 
8  44  32 
7  59  59 


10  41  14 
10  1  1 


113.18 
93.73 
82.83 
320.62 
292.76 
287.49 
285.78 


10  37  11 

10  58  59 

11  31  2 
9  47  50 
9  18  6 
8  44  38 
8  0  14 


+  42.12  10  41  14 
+  32.45  10  1  1 


84.97 

55.89 

80.90 

52.54 

123.25 

176.62 

204.90 


J8 

+  20.'2 
+31.8 


9' 
f'J 


f 
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THE  SUSPECTED  VAKIABLE  STAR  B.D.  4-(58°200. 

R.A.  2>'43"'2>.0         :         Decl.  +68°  28' 28"  (1900). 
By  J.   A.  PARKHURST. 


In  the  notes  to  the  last  section  of  the  Potsdam  Photo- 
metric Durchvtiisfervng,*  Mltllek  and  Kempf  state  that 
this  star  varies  with  a  range  not  exceeding  half  a  magni- 
tude, and  a  period  of  about  two  days.  Photographs  taken 
here  appear  to  confirm  the  variation,  and  as  the  star  is 
liable  to  be  used  as  a  comparison  star  for  the  new  Algol- 
type  variable  RZ  Cassiopeiae,  a  settlement  of  the  question 
would  seem  important.  The  table  gives  the  results  from 
the  best  plates  taken  with  the  two-foot  reflecting  telescope. 

*  Potsdam  Publications,  XVI,  254. 


Plate 
No. 

Date 
G.M.T. 

Mag. 

Xo.  expos 
on  plate 

547 

1906  Aug.   14.80 

6.36 

n 

568 

Aug.  31.65 

5.98 

16 

605 

Sept.  25.68 

6.58 

15 

The  comparison  stars  used,  with  the  adopted  magnitudes, 
are:  B.D. +68°184,  9.49,  and  +69°171,  7.80.  The  spec- 
trum of  the  latter  is  a  typical  Type  I  (Draper  Catalogue  A), 
while  that  of  the  suspected  variable  may  be  stated  as  a 
solar  type  with  the  hydrogen  lines  unusually  strong. 


(Star  near  edge  of  plate,  magnitudes  therefore  uncertain  by  0,1  or  0.2.) 
Yerkes  Olisi-rvutory.  1907  Januunj   2o. 

OBSERVATIONS   OF   COMETS,* 

made  at  the  goodseli,  obskrvatoiiv  of  cauleton  college  with  the  16-inch  telescope  and  filak-micuom  etek, 

By  H.  C.  WILSOX. 
[Communicated  by  Wm.  W.   Payne,  Director.] 


1906  Northfield  M.T. 

* 

Comp. 

Ja 

Jh 

App.  a 

App.  O 

log  p\ 

Red.  to  App.  PI. 

Comet  e  1906  (Kopff). 

Nov.  11 

9  47  30 

1 

21  ,  8 

-0 

13.30 

+  2  47.6 

22  26  26.80 

+   5  31  53.4 

8.868     0.741 

+  2.44 

+  20.0 

12 

9  41  47 

1 

17,8 

-0 

5.80 

-2  41.6 

22  26  34.30 

+   5  27  24.2 

8.845     0.742 

+  2.44 

+  20.0 

18 

8  51  28 

3 

12  ,  8 

+  0 

12.45 

+  0  59.2 

22  27  51.68 

+   4  57  17.0 

8.295     0.746 

+  2.37 

+  19.8 

Comet  /  1906  (Thiele). 

Nov.  12 

14     9  17 

5 

9  ,  4 

+  3 

28.50 

+  8  29.9    1    9  25  32.89     +15     3  55.8  |«9.564     0.703 

+  1.82 

-12.1 

18 

14  16     7 

' 

9  ,  6 

+  1 

27.49 

+  7  12.4        9  54  44.81     +22  52  41.8  U9.583     0.636 
Comet  y  1906   (Metcalf). 

+  1.80 

-16.4 

Nov.  19 

8     6  24 

8 

9,6 

-0 

29.28 

-5  22.1         4     3  30.68     -   3  25     1.2  n9.566     0.800 

+  3.06 

+   5.2 

23 

9  53  54 

10 

12  ,  8 

-0 

0.61 

+  4  25.8        4     2  29.57     -  4     8  20.2  »i9.322     0.814 

+  3.09 

+  4.9 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

8 

Authority 

* 

a 

s 

Authority 

1 

2 
3 
4 
5 
6 

22  26  37.66 
22  30  30.16 
22  27  36.86 
22  30  49.43 
9  22     2.57 
9  21  38.97 

+   5  29  45.8 
+   5  28     3.3 
+  4  55  58.0 
+   4  53  42.8 
+  14  55  38.(» 
+  14  54     8.4 

10".Mic.comp.witli  No.2 
Munich,  3122() 
lP'.]Mic.coinp.withNo.4 
•  ii'ittiir^ren  6256 

st'W    -1  .  iiir.l.     .Micrometer  com- > 
Mi.Hit.ni.  M-uh  No.  0.                           \ 

.Schjellerup  3473 

8 

9 

10 

11 

9  53  15.52 
4     3  50.90 
4     2  48.08 
4     2  27.09 
4     3  52.22 

+  22  45  45.8 

-  3  19  44.3 

-  3  15  55.0 

-  4  12  50.7 

-  4  16     3.2 

Lalande  19502 

5 10..')  mag.    MicrometiT  comn.ni  i-  / 
lsoiiwitTiNo.9.                                I 

Lalande  7681 

12". Mic.comp.withNo.il 

Lalande  771() 

Comet  e  was  exceedingly  faint  and  difficult  to  observe.       Comet/ was  bright,  with  a  liazy  nucleus,  so  that  tlie  measures  are  good. 
Comet  ff  was  faint,  round,  1'  in  diameter,  with  a  ratlier  sliar]>  central  condensation. 

•  From  Supplement  to  No.  5'Jl. 
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PARABOLIC   ELEMENTS  FOR  COMET  1819  II, 


By  HENRY  A.  PECK. 


In  his  review  of  the  "  Definitive  Orbit  of  Comet  1819  II," 
Professor  Kkeutz  has  expressed  a  preference  for  elements 
based  uj)on  the  first  solution  of  the  differential  equations. 
I  have  earned  this  work  to  completion,  and  am  led  to  the 
result  that  a  parabola  represents  the  entire  series  of  obser- 
vations nearly  as  well  as  either  one  of  the  ellipses  given. 
Starting  from  the  first  solution,  as  given  in  ISlos.  584-5  of 
the  Astronomical  JouriKil,  we  have 

9  7'  =  0.001351 

as  =  +2.5". 26 

<)i  =  +12.10 

9«,  =  -17.17 

dq  =  +0.0001170 

de  =  -0.000120 

Corresponding  to  which  are  the  elements: 

T  =  1819  June  27.71682  G.M.T. 

Q,  =  273°  42'    7*3  ) 
i  =    80  44  50.1  U819.0 
o>  =    13  25  56.8  ) 
log  q  =  9.533382 
log  e  =  0.999880 

Equatorial  Coordinates. 
X  =  [9.237944]  r  sin  (  35°2l'    8°8  +  !.') 
1/  =  [9.996718]/-  sin  (260  42  15.6+/) 
z  =  [9.996737];-  sin  (349  50     3.3 +  i>) 

And  coinputing  the  position  of  the  comet  for  the  last  nor- 
mal date,  the  residuals  are 


Ja  cos  8  =  — 15".5 


J8  =  +1.1 


while  substituting  in  the   last    normal  equation  they  are 
— 14".9.  +1.1  respectively. 

The  probable  error  of  the  correction  to  the  eccentricity 


is  larger  than  the  quantity  itself.  To  test  this  further  the 
equations  were  again  solved,  the  other  unknown  quantities 
being  stated  in  terms  of  the  eccentricity,  with  the  result 
that 

"  de 

dk  =  +14.44   +2.0997  — 

k^29T=  +13.39   +0.5352^ 
de 


dq  =  +28.63   +0.3619 


o~  3p 


yA.  =  -37.65   -0.52.- 


iJv  =  +21.36   +0.1447  — 


Substituting  these  values  in  the  observation  equations 
there  results 


+   1 
-   0 


26  +0.034ae 
90  -0.000 

-  0.98  -0.017 

-  2.25  -0.020 
+  2.58  -0.016 

04  -0.003 
48  +0.014 
02  +0.051 
74  +0.075 
98  +0.110 


+  1.66  +0.000ae 
-  3.80  -0.005 
+  0.54  +C.007 
+  1.86  +0.015 
+  0.66  +0.014 
+  0.36  +0.003 
-1-14.55  -0.012 
-19.24  -0.044 
+  1.16  -0.060 
_  0.70  -0.074 


If  values  for  9e,  ranging  from  0  to  —50",  are  substi- 
tuted, the  following  table  may  be  formed  : 


de 

pvv 

50" 

14282 

40 

13980 

30 

13953 

20 

13968 

10 

14153 

0 

14437 

from  which  may  be  seen  that  although  there  is  an  incli- 
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nation  towards  an  elliptic  form,  yet  a  parabola  is  not  out 
of  the  range  of  possibilities. 

Assuming  9e  =  0,  there  results  the  following  corrections 
to  the  elements ; 

dT  =  +0.00267 
d^  =  +42".12 
di  =  +12.04 
3(0  =  +   7.G7 
^q  =  +0.0001388 

Adding  these  corrections  to  the  original  elements,  and 
computing  the  probable  errors,  we  have  as  the  final  para- 
bolic elements  : 

T  =  1819  June  27.71814  ±0.00100  Gr.M.T. 


Q,  =  273  42  14.1  ±  3.0 
i  =  80  44  50.0  ±  4.5 
<«  =     13  26  21.7  +  17.1 


1819.0 


log?  =  9.533409  +  0.000032 
Syracuse  University,  1907  Jan.  29. 


Equatorial  Coordinates. 

X  =  [9.237973]  r  sin  (  35°  22' 10*4 -rv) 
y  =  [9.996716]  r  sin  (260  42  41.2+ (') 
s  =  [9.996737]  r  sin  (349  50  28.5+ c) 

As  a  check  on  the  numerical  part  of  the  work  the  com- 
parison of  the  residuals  obtained  by  direct  computation 
from  the  elements,  and  by  substitution  in  the  differential 
equations,  is  appended. 

Ja  cos  8  J8 

Elements      Equations      Elements       Equations 


+   1.3 

+   1.3 

+   1.6 

+   1.7 

-  0.9 

-  0.9 

-  3.2 

-  3.8 

-   1.0 

-   1.0 

+   1.0 

+   0.5 

-  2.1 

—   2.2 

+   2.0 

+   1.9 

+   2.7 

+   2.6 

+   0.2 

+   0.7 

+   1.0 

+   1.0 

+   0.5 

+   0.4 

+   5.8 

+   5.5 

+  14.2 

+  14.5 

-   1.1 

-   1.0 

-18.7 

-19.2 

+   9.7 

+   9.7 

+   1.3 

+   1.2 

-12.3 

-12.0 

-   0.9 

-   0.7 

MAXIMA   OF  LONG-PERIOD  VARIABLES, 

By  IDA  WHITESIDE. 

"  Ephemerides  of  Long-Period  Variables."  The  last  column 
gives  the  authority  for  the  magnitudes  of  the  comparison 
stars  used. 


The  maxima  of  the  following  long-period  variables  were 
determined  by  the  single-light  curves,  deduced  from  obser- 
vations made  with  a  four-inch  Dolland  telescope.  The 
predicted  times  of  maximum  are  those  given  in  Chandler's 


Star 


Date  of  Maximum 


Predicted  Date 

Magn. 

No.  of 
Obsns. 

Dec.  23,  1906 

7.60 

8 

May  24.      '• 

7.80 

25 

Nov.    2,      " 

8.10 

10 

Oct.  31,     " 

7.40 

18 

Aug.    6,      " 

8.60 

14 

Aug.    4,      " 

8.90 

16 

Dec.  12,      " 

9.00 

7 

Dec.  17,      " 

7.30 

8 

Oct.  28,      ^' 

6.40 

17 

Oct.  13,     •• 

9.25 

11 

Dec.    1,     " 

8.35 

9 

Nov.    7,      " 

7.30or+ 

10 

Nov.  18,      " 

8.40 

8 

Aug.    1,      « 

7.80 

13 

Sept.  3, 

7.90or+ 

10 

Aug.    8,      " 

6.15 

22 

Sept.  8,      " 

8.05 

15 

Sept.29,      " 

7.65 

19 

Aug.  27,      •' 

8.50 

19 

July    8,      " 

Abt.  7.65 

16 

Oct.   11,      " 

9.15 

6 

Nov.  12,      " 

6.00 

12 

Sept.  19,      " 

8.00 

19 

iTme  covered  by  Observations 


Comparison 
Stars 


7468 

5194 

5190 

432 

243 

294 

845 

2942 

7299 

7192 

7261 

5955 

5768 

6512 

5887 

6682 

6207 

8290 

8373 

5677 

5501 

906 

5601 


2'  Aquarii 

V  Bootis 

R  Camelopardalis 
S  Cassiopeiae 
U  Cassiopeiae 
TV  Cassiopeiae 
R  Ceti 
RTCyjni 
U  Cijgni 
Z  Cij'jni 
R  f)iilph,ini 
R  Draconis 
RR  Herculis 
T  Herculis 

V  Oph  iuchi 
X  Opiiiuchi 
Z  Ophiuchi 
R  Per/asi 

S  Peij'isi 
R  Serpentis 
S  Serpentis 
R  Trianguli 
S  Ursae  minoris 


Nov.   17,  1906 
Near  Aug.      9, 

Oct.    20, 

Sept.  21, 

Sept.  15, 

July  19, 

Nov.   18, 

Nov.  30, 

Dec.    21, 

Sept.  22. 

Nov.     7, 
After  Nov.  24, 

Sept.  24, 

Aug.     9, 
Onorbef.Julyl3' 

Aug.     8, 
Onoraft.  Sept.  8  ' 

Sept.  15, 

Sept.  14, 
Near  July      8, 

Aug.  29, 

Oct.      8, 

Sept.  10, 


Oct.  12, 
Mar.  12, 
Sept.  15, 
Aug.  13, 
Aug.  9, 
June  29, 
Oct.    12, 


Oct. 

Aug. 
Aug. 
Oct. 


12, 
13, 
13, 
12, 


Sept.  15, 
Sept.  14, 
June  29, 
July  13, 
June  29, 
July  13, 
July  18, 
July  11, 
June  29, 
Aug.  13, 
Sept.  15, 
July  13, 


'06-Dec. 
"  -Oct. 
"  -Dec. 
"  -Jan. 
"  -Nov. 
"  -Oct. 
"  -Jan. 
"  -Dec. 
"  -Jan. 
"  -Nov. 
"  -Jan. 
"  -Nov. 
"  -Nov. 
"  -Sept. 
"  -Oct. 
"  -Dec. 
"  -Nov. 
"  -Dec. 
"  -Dec. 
"  -Oct. 
"  -Oct. 
"  -Jan. 
"  -Dec. 


18,  '06 

1,    " 

4,    « 

26,  '07 

14,  '06 

23,  '06 
11,  '07 
18,  '06 

10,  '07 
1,  '06 

11,  '07 

24,  '06 
1-1, 
28, 
13, 
18, 
24, 
18, 

11, 
23, 
12, 
11,  '07 
4,  '06 


Harvard 
Harvard 
Harvard 
Harvard 
Harvard 

B.D. 
Harvard 

B.D. 
Harvard 
Harvard 
Harvard 
Harvard 

B.D. 
Harvard 

B.D. 
Harvard 

B.D. 
Harvard 
Harvard 
Hagen 
Harvard 
Harvard 

B.D. 


South  Cambridge,  N.  T. 
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SUNSPOT  OBSERYATIONS, 

MADE   AT    BERWYX,    PENNA.,    WITH   A  4J-INCH   REFRACTOR. 


By  a 

.  W 

QUIMBY. 

N 

ew 

Total 

Fac- 

New 

Total 

Fac- 

New 

Total 

Fac.  i      _    .       1 

1906 

Time  Q 

rs. 

Grs. 

Spots 

Gra. 

Def. 

1006 

Time 

Grs. 

Grs. 

Spots 

Grs. 

Def. 

1900 

Time 

Grs. 

Grs. 

Spots 

Gra 

Uet. 

July     1 

6 

7 

58 

4 

fair 

Aug.  28 

9 

1 

5 

35 

poor 

Oct.    26 

8 

2 

fair 

9 

1 

8 

45 

2 

poor 

29 

1 

4 

26 

poor 

27 

11 

fair 

." 

6 

2 

10 

89 

1 

good 

30 

4 

2 

6 

34 

2 

fair 

28 

8 

fair 

4 

4 

8 

54 

3 

poor 

31 

4 

6 

26 

2 

fair 

29 

8 

2 

fair 

5 

6 

10 

60 

2 

fair 

Sept.    1 

5 

1 

6 

22 

2 

fair 

30 

8 

fair 

6 

6 

10 

32 

4 

fair 

2 

6 

4 

14 

3 

fair 

Nov.  *1 

8 

i 

5 

fair 

7 

6 

8 

36 

4 

fair 

3 

5 

i 

4 

15 

3 

poor 

*2 

8 

5 

fair 

8 

6 

8 

23 

2 

poor 

4 

5 

1 

5 

16 

3 

fair 

3 

8 

9 

fair 

*  9 

11 

3 

6 

1 

poor 

5 

6 

4 

7 

1 

fair 

4 

8 

8 

1 

poor 

*10 

6 

3 

13 

1 

poor 

6 

7 

i 

4 

16 

1 

fair 

5 

8 

10 

1 

poor 

*11 

6 

i 

4 

15 

2 

poor 

7 

7 

2 

6 

35 

1 

fair 

6 

8 

7 

0 

poor 

12 

6 

2 

6 

19 

2 

fair 

8 

7 

5 

26 

2 

fair 

7 

8 

1 

4 

poor 

13 

6 

1 

6 

21 

2 

fair 

9 

7 

2 

11 

1 

poor 

8 

8 

i 

2 

5 

2 

poor 

14 

6 

5 

25 

3 

fair 

10 

7 

2 

4 

9 

3 

poor 

9 

8 

1 

12 

2 

poor 

15 

6 

5 

26 

3 

fair 

11 

7 

2 

5 

11 

2 

fair 

10 

8 

1 

2 

14 

3 

fair 

16 

6 

1 

6 

30 

2 

fair 

12 

4 

1 

4 

30 

3 

fair 

11 

5 

2 

14 

2 

poor 

17 

6 

6 

32 

3 

fair 

13 

8 

4 

22 

3 

fair 

12 

8 

2 

4 

25 

2 

fair 

18 

6 

1 

7 

38 

2 

fair 

14 

9 

4 

22 

') 

fair 

13 

8 

4 

30 

fair 

19 

6 

6 

42 

1 

fair 

15 

7 

i 

4 

31 

4 

fair 

14 

8 

1 

5 

41 

3 

fair 

20 

5 

i 

7 

47 

2 

fair 

16 

7 

1 

4 

40 

3 

fair 

16 

8 

4 

9 

poor 

21 

6 

6 

32 

2 

poor 

17 

5 

4 

37 

3 

fair 

17 

8 

i 

4 

6 

3 

fair 

22 

6 

1 

7 

46 

4 

fair 

18 

7 

4 

36 

3 

fair 

18 

8 

2 

8 

3 

poor 

23 

6 

1 

8 

30 

4 

fair 

19 

7 

3 

23 

2 

fair 

19 

8 

2 

4 

2 

poor 

24 

6 

1 

7 

29 

3 

fair 

20 

12 

2 

14 

1 

poor 

22 

8 

1 

2 

poor 

25 

6 

5 

27 

2 

fair 

21 

7 

3 

20 

3 

fair 

23 

8 

i 

2 

6 

1 

fair 

26 

6 

i 

6 

20 

3 

fair 

22 

7 

3 

9 

2 

poor 

24 

8 

2 

8 

1 

fair 

27 

6 

1 

5 

15 

2 

poor 

23 

7 

4 

14 

2 

fair 

25 

8 

3 

5 

12 

1 

fair 

28 

7 

5 

15 

1 

poor 

24 

7 

3 

13 

2 

fair 

26 

8 

5 

15 

1 

fair 

29 

6 

5 

22 

1 

poor 

25 

7 

3 

7 

2 

fair 

27 

8 

5 

22 

2 

poor 

30 

8 

5 

31 

1 

fair 

26 

7 

3 

5 

1 

poor 

28 

3 

4 

24 

1 

fair 

31 

6 

4 

36 

3 

fair 

27 

7 

1 

4 

1 

poor 

29 

8 

4 

22 

1 

poor 

Aug.     1 

10 

2 

30 

2 

fair 

28 

" 

1 

4 

1 

fair 

30 

8 

3 

24 

poor 

2 

1 

2 

22 

poor 

29 

7 

3 

8 

1 

fair 

Dec.     1 

10 

3 

16 

poor 

3 

7 

2 

25 

4 

fair 

30 

9 

1 

5 

poor 

2 

8 

2 

5 

14 

2 

fair 

4 

6 

2 

12 

2 

fair 

Oct.      1 

7 

1 

9 

fair 

3 

3 

5 

12 

3 

fair 

5 

6 

3 

7 

2 

fair 

2 

7 

1 

3 

i 

poor 

4 

8 

4 

7 

o 

poor 

6 

7 

2 

4 

2 

fair 

3 

7 

1 

7 

1 

poor 

*5 

9 

1 

3 

6 

2 

poor 

7 

6 

2 

0 

2 

fair 

4 

8 

1 

12 

1 

poor 

6 

2 

2 

4 

2 

poor 

8 

6 

1 

2 

2 

fair 

5 

12 

1 

7 

1 

poor 

7 

8 

2 

4 

2 

poor 

9 

7 

3 

6 

2 

fair 

6 

4 

0 

0 

0 

poor 

8 

8 

2 

3 

1 

poor 

10 

6 

3 

6 

4 

fair 

7 

7 

0 

0 

0 

poor 

9 

8 

2 

3 

4 

poor 

11 

11 

3 

12 

2 

fair 

8 

7 

1 

1 

5 

fair 

11 

8 

1 

2 

9 

1 

fair 

12 

6 

4 

12 

1 

fair 

9 

7 

1 

2 

3 

i 

poor 

12 

8 

2 

4 

14 

2 

fair 

13 

5 

3 

4 

2 

fair 

10 

8 

2 

4 

1 

fair 

13 

8 

4 

20 

3 

fair 

14 

5 

3 

6 

2 

fair 

11 

7 

1 

4 

2 

fair 

15 

8 

4 

36 

3 

fair 

15 

6 

4 

13 

1 

fair 

12 

8 

1 

1 

2 

fair 

18 

8 

i 

4 

50 

1 

fair 

16 

5 

3 

3 

1 

fair 

13 

8 

2 

fair 

19 

8 

1 

5 

42 

1 

fair 

17 

6 

4 

4 

2 

fair 

14 

8 

i 

4 

2 

fair 

21 

9 

2 

6 

80 

3 

fair 

18 

7 

2 

3 

1 

poor 

15 

7 

1 

1 

1 

fair 

22 

9 

5 

30 

3 

poor 

19 

7 

. 

2 

10 

2 

fair 

16 

8 

poor 

23 

3 

5 

27 

3 

fair 

20 

7 

1 

5 

poor 

17 

3 

poor 

24 

8 

4 

16 

3 

poor 

21 

9 

2 

10 

poor 

18 

8 

.. 

poor 

25 

3 

2 

11 

2 

poor 

22 

7 

2 

5 

v.poor 

20 

9 

poor 

26 

8 

2 

9 

poor 

23 

8 

5 

16 

fair 

22 

4 

poor 

27 

8 

1 

3 

26 

1 

fair 

24 

6 

5 

12 

poor 

23 

4 

i 

i 

i 

i 

fair 

*28 

1 

2 

6 

poor 
poor 

26 

4 

4 

30 

1 

fair 

25 

4 

fair 

*29 

1 

1 

3 

27 

7 

4 

30 

poor 

►2i-incU  Refractor. 
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ON   THE   VAKIABLE  STAR   BY  CA88I0PEIAE, 

By  XAOZO  ICHINOHE. 

fifty-eight  estimates  obtained  in  this  interval  were  com- 
bined properly,  and  the  following  provisional  period  and 
light-curve  were  calculated : 


This  star  (28.1906)  was  discovered  by  Mme.  Ceraski, 
and  announced  by  Prof.  Ceraski  in  A.N.  4077  as  a  variable, 
probably  having  short  period.  The  stars  designated  by 
n,  b  and  d  are  B.D.  +57°2823,  2828  and  2824,  respectively, 
and  their  B.D.  magnitudes  are  all  of  them  9". 5.  The  star 
e  is  B.B.  +57°2825,  and  its  magnitude  is  9>'.l  in  B.D.,  but 
8". 9  in  A.G.C.  Now,  if  I  provisionally  adopt  the  latter, 
then  my  observations  with  the  value  of  my  step  give  me 
the  following  magnitudes  for  these  stars. 

Steps  Mag. 


B.D.  +57°2823 

7.4 

9.6 

2821 

o  •) 

10.3 

0.0 

10.5 

2824 

5.8 

9.8 

2825 

13.4 

8.9 

The  star  c  is  not  included  in  B.D.,  but  this  plays  a  very 
important  role  in  the  observations  of  this  variable. 

1  began  to  pay  attention  to  this  star  on  October  13, 1906, 
and  observed  it  as  frequently  as  possible.  After  a  few 
weeks  I  found  that  the  period  of  light-change  must  be 
twelve  days,  nearly.  I  have  now  observed  the  change 
over  four  complete  periods  since  the  first  observation,  and 


1906  Nov.  21.9  +  12.07  E  for  maximum. 
1906  Nov.  17.2  +  12.07  E  for  minimum. 


f 

B 

t 

B 

t 

B 

d 

g 

d 

s 

d 

s 

1.52 

3.6 

5.33 

8.9 

8.41 

4.3 

2.51 

3.9 

6.22 

6.4 

8.69 

2.6 

3.59 

8.4 

6.73 

5.3 

9.70 

2.2 

4.38 

8.3 

7.49 

3.3 

10.53 

2.3 

4.69 

9.2 

7.85 

4.2 

11.28 

2.2 

In  this  table  t  denotes  time  elapsed  after  minimum,  ex- 
pressed in  days  and  its  decimals,  and  B  denotes  the  bright- 
ness, expressed  in  steps.  I  plotted  these  and  drew  a  mean 
curve  through  those  points,  as  in  the  figure.  The  curve 
shows  that  the  maximum  brightness  is  nearly  9". 4,  and 
the  minimum  10". 6,  so  that  the  range  of  change  is  about 
1.2 ;  but  I  believe  that  if  I  observe  the  star  further,  the 
maximum  brightness  will  be  increased  a  little. 


LioHT-CuRVE  OF  BY  Cassiopeiue. 


The  general  character  of  this  curve  is  of  8  Cephei  type. 
The  light  increases  pretty  rapidly  after  it  passes  the  mini- 
mum, and  reaches  its  maximum  in  five  days,  and  then  it 
begins  to  decrease,  rapidly  at  first,  but  slower  than  the 
Terkes  Ohsurxxitury ,   I'JOG  Deconber  10. 


rise.  At  7.5  days  after  minimum  its  magnitude  becomes 
about  10*'.4,  and  then  the  decrease  of  light  stops  a  little 
while ;  or  becomes  very  slow,  and  the  star  remains  at  the 
minimum  about  three  days. 


ON   A  MISSING  DM.  STAR  IN    TAURUS  (15°629), 

a  =  4"  19""  53>.5     ;     S  =  -|-15°  28'.4  (1855). 
By  PAUL  S.  YENDELL. 
On  the  evenings  of  February  22  and  March  9  of  the  cur-  I  absence  of  the  star  DM.  15°629,  rated  in  that  catalogue  as 
rent  year,  while   observing    1575    W  Tauri,  I   noted    the   |  9.5  magnitude. 
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In  the  winter  of  1893-94,  on  eleven  evenings,  from 
December  4  to  January  13.  the  absence  of  this  star  was 
noted,  and  I  have  no  memory  of  ever  having  seen  it  since, 
though  no  further  note  was  made  of  its  being  missing  until 
the  present  season.  These  observations  were  all  made 
with  my  4:J-inch  refractor,  and  the  limit  of  visibility  was 
at  the  time  estimated  as  below  tlie  eleventh  magnitude. 

From  1896  until  the  present  season,  no  observations 
were  made  in  this  region. 

The  observations  of  February  22  and  March  9  were 
made  with  an  aperture  of  6.4  inches,  and  a  power  of  50. 
On  March  9,  within  an  hour  of  missing  this  star,  I  glimpsed 

Dorchester,  1906  March  11. 


C  Geminorum,  and  held  its  comparison-star  Z  (Knott,  IS".?) 
steadily,  so  that  even  in  the  glare  of  6'-  2'auri,  I  should 
probably  have  seen  the  star  had  it  been  as  bright  as  11.5 
magnitude. 

No  notice  of  the  absence  of  this  star  has  ever  come  to 
my  knowledge.  It  is  not  included  in  Chandler's  list  of 
Missing  Durchmusterung  Stars  (Third  Catalogue,  p.  172), 
nor  is  it  mentioned  in  the  errata  to  the  Durchrmisterung. 
It  mustpresumablyhavebeenasbrightas9*'.5so  late  as  1865. 

I  propose  to  keep  as  continuous  a  watch  of  the  region  in 
the  future  as  possible,  in  the  hope  of  finding  the  star  again 
visible. 


THE   PAKALLAX  OF  61   CYGNI, 

By  F.  L.  chase. 


Bergstrand  of  Upsala,  in  1905,  in  a  compressed  review 
of  the  subject,  divided  all  the  parallax  determinations  of 
61  Cygni  into  three  classes,  covering  three  distinct  periods, 
namely,  1838-'53,  1853-'80,  and  1880-1905.  The  results 
obtained  prior  to  Bessel's  heliometer  determination  are 
regarded  as  of  no  scientific  value.  The  values  derived 
ranee  as  follows : 


Class  I 
Class  II 
Class  III 


=  +0.35  to  +0.40 
=  +0.43  to  +0.56 
=  +0.21  to   +0.29 


to  which  should  be  added  the  photographic  determinations, 
namely  : 

Class   IV         TT  =  +o"29  to   +0^43 

Furthermore,  Wilsing  and  Davis,  Kapteyn  and  Peters, 
all  found  somewhat  different  values  for  the  two  com- 
ponents, the  former  two  finding  larger  values  for  61  Ci/gni, 
while  the  latter  two  found  just  the  opposite. 

The  wide  disparity  of  the  various  results  made  it  seem 
worth  while  to  add  the  evidence  of  an  e.xtended  investi- 
gation with  the  Yale  Heliometer.  Accordingly,  two  pairs 
of  comparison  stars  were  selected,  whose  position-angles 
from  61  Cygni  are  respectively  about  278°  and  101°,  and 
distances  4690"  and  5060",  with  magnitudes  6.5  and  8.4 
for  the  first  pair,  and  position-angles  205°  and  23°,  dis- 
tances 5990"  and  5840",  and  magnitudes  7.5  and  8.4  for  the 
second  pair,  and  in  October,  1904,  the  investigation  was  be- 
gun. I  secured  twelve  nights'  observations  for  the  first 
series  at  each  of  the  five  epochs  of  maximum  parallactic 
displacement,  and  from  ten  to  twelve  for  each  of  the  five 
corresponding  epochs  of  the  second  series  —  in  all  230 
complete  sets. 

The  method  of  observation  and  treatment  was  the  same 
as  set  forth  in  our  previously  published  parallax  work. 
The  differences  of  the  two  distances  for  each  component  of 


61  Cygni  furnished  60  equations  of  condition  for  each  com- 
ponent in  the  first  series,  and  55  for  each  in  the  second 
series,  from  which  to  find  the  parallax  and  proper  motion. 
'The  normals  derived  from  these  equations  of  condition, 
the  values  [titi]  and  [yv'],  the  probable  error  of  one  equa- 
tion, found  from  the  solution,  and  finally  the  value  of  ir  in 
seconds  of  arc,  together  with  its  probable  error  and  weight, 
are  as  follows  : 


First  Series. 


+  60.00  .r   +   24.40  y 
+  24.40      +178.44 
-  8.73      -     4.67 


-   4.67     = 

+  30.59     = 


61i  Cyyni 

+  0'!481 
+-  4.308 
-   0.082 

11.8559 
1.4212 


[nre]  = 

[..]  = 

Prob.  Error  1  Equation  =   ±0.135 

,r  =  +0.039 

Wt.  168.5     ;     Prob.  Error  =   ±0.010 


+  55.00  a- 
-10.83 
-   0.04 


-  10.83 
+  175.58 

-  0.10 


Second  Series. 

61i  Cygni 

-  0.04  s  =  -0.'267 
_  0.10  =  +3.852 
+  25.47     =  -0.131 


[««]  =  9.8273 

[yy]  =  1.3173 

Prob.  Error  1  Equation  =  ±0.136 

TV  =  +0.279 

Wt.  173.4     :     Prob.  Error  =  ±0.010 


61.,  Cygni 

+  0^414 
+  4.079 
-0.029 

10.8939 
1.5203 

±  o!l39 
+  0.295 
±0.011 


6I2  Cygni 

-o!235 

+  3.873 
-0.075 

10.6905 
2.1263 

±o!'l75 
+  0.281 
±0.013 


The  accordance  of  the  four  values  indicates  no  system- 
atic error  for  this  piece  of  work,  so  that  we  may  adopt 
for  the  probable  errors  of  the  work  those  derived  from  the 
solution.  The  weighted  mean  for  the  four  results  gives 
for  a  final  value, 

ir  =  +0'.291     +0.005    wt.  683.9 
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A  comparison  of  different  catalogs  shows  no  appreciable 
proper  motion  for  any  of  the  comparison  stars.  If  we 
adopt  Kapteyn's  values  for  the  parallax  of  stars  equal  to 
them  in  brightness,  the  value  of  the  absolute  parallax 
would  be  0".009  larger. 

In  conclusion,  it  might  be  noted  that  the  more  recent 
heliometer  determinations  of  Dr.  Peters,  in  which  the  re- 

Yale   University  Observatory,  1907  April  17.       


versing  prism  eye-piece  was  used,  and  the  best  photo- 
graphic investigations,  which  also  are  presumably  fairly 
free  from  systematic  error,  give  results  not  much  at  vari- 
ance with  that  I  have  derived,  and  the  close  agreement  of 
my  values  for  the  two  components  does  not  confirm  Davis's 
inference  that  the  two  stars  are  not  physically  con- 
nected. 


OBSERVATIONS  OF   DOUBLE   STARS, 

MADE    AT   THE    MORRISON    OBSERVATOBV, 

By  HERBERT  R.  MORGAN. 


Star 

a  (1880) 

S  (1880) 

Epoch 
1906.+ 

P 

s 

n 

0.  Arg.  N  21 

U       m 

0     2.8 

+  58^58' 

0.05S 

144^6 

23"61 

3 

H. 1001 

0     3.0 

+  44     3 

.065 

77.0 

15.75 

2 

H.  618 

0     7.4 

-   0  47 

.071 

248.8 

5.01 

1 

2' 103 

1  10.6 

-   2  10 

.071 

246.8 

5.54 

1 

H.  647 

1  56.3 

+   76 

.071 

33.8 

26.82 

1 

2213  AB 

2     1.3 

+  50  30 

.070 

321.8- 

1.97 

2 

AC 

.071 

63.6 

7.14 

1 

H.  204 

2  38.8 

+'49  37 

.068 

144.3 

3.03 

1 

Anon. 

4  29.0 

+   10 

.071 

179.  Est. 

6.  Est. 

V 

W.i  IV  647 

4  31.7 

+  42     6 

.171 

110.8 

2.48 

2 

2  582 

4  37.0 

+  42  13 

.266 

23.8 

5.58 

2 

W.i  IV  1215 

4  56.1 

+  13  11 

.068 

81.9 

4.21 

1 

W.-  V  269  AB 

5  11.7 

+  36     5 

.210 

329.0 

2.80 

3 

W.^  VII  118 

7     6.0 

+  15  23 

.295 

158.6 

2.36 

3 

DM.  +50.1495 

7  49.4 

+  50  35 

.295 

103.7 

3.10 

3 

DM.  -1.1949 

7  59.8 

-   1  25 

.301 

179.5 

6.71 

1 

H.  778  (?) 

8     6.0 

-  1  31 

.301 

280.0 

3.28 

1 

H.  177 

11     3.4 

-   2  46 

.364 

128.0 

4.68 

1 

2:1518  BC 

11     8.3 

+   5  55 

.367 

351.1 

3.24 

3 

DM. +12.2550 

12  25.1 

+   2  46 

.365 

283.  Est. 

1.74 

2 

DM.  +24.2711 

14  11.1 

+  24     2 

.372 

79.9 

1 

Anon. 

.355 

49.7 

4.23 

1- 

DM.  +4.3055 

15  39.4 

+   4  55 

.347 

145.5 

2.02 

3 

DM.  +36.2640 

15  40.2 

+  35  59 

.369 

43.4 

4.49 

3 

S.D.  -16.4169 

15  45.5 

-16  52 

.464 

273.0 

2.29 

3 

DM.  +5.3094 

15  47.0 

+   52 

.355 

342.  Est. 

10.8 

1 

S.D.  -17.4630 

16  39.3 

-17     8 

.460 

85.4 

3.65 

3» 

S.D.  -15.4651 

17  35.3 

-15  40 

.546 

273.6 

4.31 

3 

H.  N.  125 

18  21.6 

-25     7 

.583 

281.0 

2.92 

3 

Anon. 

19     8.0 

+  24  28 

.635 

324.4 

5.01 

1* 

Ho.  445 

19     8.0 

+  24  27 

.506 

242.7 

4.71 

o< 

LI.  38205  A.B. 

19  55.5 

-   0  32 

.583 

295.7 

2.30 

3 

AB  +  C 

.618 

5.3 

27.95 

1 

Skinner 

20  39.8 

-17     8 

.760 

295.1 

3.70 

3 

Gin.  X,  975 

22  13.0 

-24  15 

.828 

357.0 

10.36 

0 

Anon. 

22  18.0 

+  0  38 

.778 

9.8 

5.97 

2^ 

Harvard 

22  22.9 

+   0  40 

.772 

182.2 

3.02 

3 

22933 

22  36.8 

+  10  22 

.790 

215.8 

3.60 

2 

Cin.  X,  lOOO 

22  36.2 

-32  16 

.856 

34.0 

2.78 

H.  1825 

22  47.S 

+  12  58 

.828 

220.3 

1.95 

Ciu.  X,  1022 

22  59.3 

-  4  54 

.835 

211.9 

Anon. 

23  18.0 

+  45     5 

.813 

182.3 

10.25 

1'^ 

Anon. 

.813 

5.  Est. 

14.  Est. 

1'' 

Cin.  X,  1078 

23  47.0 

-'22    "7 

0.856 

193.6 

45.74 

Notes.    'A  pair  s.f.  ;  -Looking  for  DM.  +24.2711  ;  ^A  pair  n.p. 
The  list  is  from  Yerkes  II,  and  Cin.  X. 


'  LooUing  for  Miiiller  7  ;  ^Not  in  DM.  ;  '■Lookint;  for  H.  1825. 
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OBSERVATION'S   OF   CO]METS, 

MATlK    AT   THE    MORRISON    OUSEKVATORY, 

By  HERBERT  R.  MORGAN. 


1906  Glasgow  M.T. 

* 

Comp. 

Ja 

JS 

App.  a 

App.  8 

logpA 

Red.  to  App.  PI. 

Comet  d  1906  (Finlat). 

Aug. 

21  15  52    1 

1 

d  8 

8 

+0 

28.69 

-4  32.6 

4  36  23.29 

+  12 

19  46.2 

W9.490 

0.638 

+  1.06  +   0.3 

24  15  25  40 

9 

15 

6 

-0 

52.27 

+  1  30.5 

4  56  10.52 

+  13 

48     9.1 

W9.557 

0.639 

+  1.02  -   0.8 

27  15  38  23 

3 

15 

8 

-0 

43.53 

+  5  49.3 

5  14  31.30 

+  15 

3  37.7 

719.549 

0.623 

+  1.04  -   1.7 

28  14  59  46 

4 

18 

8 

-0 

24.58 

+  3     8.2 

5  20     7.78 

+  15 

25  19.5 

//9.606 

0.645 

+  1.04  -   1.9 

29  15    3  59 

5 

d  8 

8 

-0 

6.45 

+  3  51.5 

5  25  44.81 

+  15 

46  44.4 

M9.604 

0.640 

+  1.05  -   2.1 

Sept 

17  15  15  25 

6 

18 

8 

+1 

3.11 

+  1  35.1 

6  48  39.86 

+  19 

35     0.5 

W9.610 

0.602 

+  1.14  -   5.3 

19  15  25  45 

t 

d  8 

8 

-0 

10.96 

+  1  43.3 

6  55  25.62 

+  19 

46  20.7 

7J9.595 

0.589 

+  1.15  -  5.6 

21  16    6    7 

8 

6 

6 

+  2 

14.83 

-1  29.6 

7     1  58.33 

+  19 

56  20.6 

«9.526 

0.550 

+  1.18  -  5.9 

24  15  18    6 

9 

12 

8 

-1 

0.06 

—  5  53.4 

7  11     1.95 

+20 

8  21.7 

?t9.601 

0.588 

+  1.20  -   6.5 

26  16  16  42 

10 

15 

8 

+  1 

56.53 

-1  57.0 

7  16  55.72 

+  20 

15  19.5 

«9.494 

0.532 

+  1.24  -   6.6 

Comet  e  1906  (Kopff). 

1 

Aug. 

24  14  32  56 

11 

d  4 

4 

-0 

4.39 

+  0     4.5 

22  47  51.96 

+  10 

17  53.6 

9.352 

0.643 

+  2.45  +15.6 

26  14  53    8 

12 

12 

6 

-1 

32.42 

+  2  58.9 

22  46  20.46 

+  10 

12     8.9 

9.440 

0.647 

+  2.52  +16.3 

27  14  26  13 

13 

d  7 

6 

-0 

10.09 

+  6  49.9 

22  45  35.37 

+  10 

8  53.0 

9.376 

0.648 

+  2.56  +16.6 

28  14  22    6 

14 

15 

8 

+  0 

34.87 

+  2  54.8 

22  44  49.40 

+  10 

5  21.4 

9.378 

0.648 

+  2.57  +16.6 

29  14  16  16 

14 

d  8 

8 

-0 

10.88 

-1     0.1 

22  44     3.66 

+  10 

1  26.5 

9.374 

0.649 

+  2.58  +16.6 

Sept 

7    9    6  30 

15 

d  8 

6 

+  0 

13.38 

+0  52.0 

22  37  35.80 

+   9 

17  49.8 

W9.441 

0.664 

+  2.60  +17.8 

10  10  29  46 

17 

d  8 

,5 

+  0 

5.32 

-6  22.5 

22  35  30.79 

+  8 

59  16.9 

w8.985 

0.649 

+  2.61  +18.3 

13  10  56    0 

18 

d  8 

8 

-0 

10.31 

-6  50.3 

22  33  37.16 

+   8 

39  40.2 

n8.244 

0.651 

+  2.61  +18.5 

Comet  / 1906  (Thiele). 

. 

Nov. 

12  14  30  36 

19 

12 

8 

—  5 

29.43 

+  3  59.1 

9  25  36.08 

+  15 

4  53.2 

7*9.573    0.632 

+  1.75  -12.3 

14  15  36  21 

20 

12 

8 

-4 

29.81 

+  2     0.5 

9  35     0.89 

+  17 

38  46.3 

n9.452    0.560 

+  1.76  -13.6 

17  15  51  58 

21 

12 

7 

+  5 

15.72 

-0  23.5 

9  49  52.13 

+  21 

36  24.5 

W9.413    0.482 

+  1.86  -15.7 

21  16  29  13 

21! 

11 

6 

-4 

12.72 

-0  39.3 

10  11  42.92 

+  27 

9  19.1 

«9.339    0.327 

+  1.86  -18.5 

26  16  32  30 

23 

21 

8 

-0 

6.63 

+4     4.5 

10  42  23.06 

+  34 

8  52.1 

W9.401     0.073 

+  1.66  -21.5 

27  17  28  33 

24 

14 

8 

-1 

17.55 

+  0  12.7 

10  49  16.84 

+  35 

34  12.8 

?i9.126    9.819 

+  1.61  -22.1 

Mean  Places  of  Comparison- Stars  for  the  heginning  of  the  year. 


*    j            a 

8 

Authority 

* 

a 

8 

Authority 

1 

4  35  53.54     +12  24  18.5 

A.G.  Leipzig 

13 

ii 
22 

45  42.90 

+  10     1  46.5 

Munich  II 

2 

4  57     1.77     +13  46  39.4 

A.G.  Leipzig 

14 

22 

44  11.96 

+  10     2  10.0 

Gl.  +  Armg. 

3 

5  15  13.79 

+  14  57  50  1 

Lick,  Pub.  VI 

15 

22 

37  19.82 

+   9  16  40.0 

Comp.  with  >|el6 

4 

5  20  31.32 

+  15  22  13.2 

Lick,  Pub.  VI 

16 

22 

34     7.84 

+   9  17  12.1 

Glasgow 

5 

5  25  50.21 

+  15  42  55.0 

A.G.  Berlin 

17 

22 

35  22.86 

+  95  21.1 

Gla.sgow 

6 

6  47  35.61 

+  19  33  30.7 

A.G.  Berlin 

18 

22 

33  44.86 

+   8  46  12.0 

Glasgow 

7 

6  55  35.43 

+  19  44  43.0 

A.G.  Berlin 

19 

9 

31     3.76 

+  15     1     6.4 

A.G.  Berlin 

8 

6  59  42.32 

+  19  57  56.1 

A.G.  Berlin 

20 

9 

39  28.94 

+  17  36  59.4 

Vienna  IX 

9 

7  12     0.81 

+  20  14  21.6 

A.G.  Berliu 

21 

9 

44  34.55 

+  21  37     3.7 

Hedrick 

10 

7  14  57.95  1  +20  17  23.1 

A.G.  Berlin 

22 

10 

15  53.78 

+  27  10  16.9 

A.G.  Cambridge 

11     22  47  53.90 

+  10  17  33.5 

10",  comp.  with  *12 

23 

10 

42  28.03 

+  34     5     9.1 

A.G.  Leiden 

12  j  22  47  50.36 

+  10     8  53.7 

A.G.  Leipzig 

24 

10 

50  32.78 

+  35  34  22.2 

A.G.  Lund 

1 

N 

GTE.     Comet  e  g 

enerally  very  fain 

t  and  hard  to  measure. 

COMET  b  1907  (mellish,  April  u). 

A  despatch  of  Prof.  Comstock,    via    Harvard    College  j  1907  April  14.679  Gr. 

Observatory,  announces  the  discovery  of  a  comet  by  Mel- 
lish, in  the  position. 


a  =  6"  40"' 
with  a  daily  motion  3°  east  and  7°  north. 


=  +8° 
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Despatches    from    Lick  and  Washington   observatories 
give  observations  by  Aitken  and  Rice,  as  follows : 
a  8 


1907  April  16.5759  Gr.     7  2  53.5 
April  16.6078  7  3  58.4 


+  18  32  44 
+  19     3     4 


Rice 

Aitken 


A  further  despatch,  dated  April  19,  communicates  ele- 
ments and  ephemeris  computed  by  Lamson  and  Frederick 
of  the  Washington  Observatory,  but  the  contents  of  the 
telegram  are  unfortunately  indecipherable. 


ELEME^^TS  AND  EPHEMERIS  FOR    (1906  TE)  MARIANNA, 

Bv  WILLIAM  B.  VARNUM,  Dudley  Observatorv. 
The  following  positions  of  (1906  T E)  were  communicated  to  me  by  Rev.  J.  H.  Metcalf,  the  discoverer  : 


log?)  J 


logpJ 


Feb. 

16 

14 

43  40 

10  23  51.56 

9.444» 

+  10 

24  50.7 

0.612 

-0.20 

+  1.9 

Feb. 

17 

14 

3  15 

10  23  0.74 

9.514w 

+  10 

26  43.1 

0.584 

+  0.06 

-1.6 

Feb. 

oo 

13 

2  54 

10  18  41.64 

8.958 

+  10 

36  0.8 

0.725 

-0.04 

-6.4 

Feb. 

23 

16 

1  0 

10  17  42.86 

8.960« 

+  10 

37  39.1 

0.278 

+  0.02 

+  0.5 

Mar 

14 

15 

1  30 

10  2  26.33 

8.534«. 

+  11 

6  20.7 

0.639 

-0.11 

-3.9 

Mar 

17 

14 

2  30 

10  0  24.70 

9.072» 

+  11 

8  58.9 

0.634 

-0.19 

+  3.4 

With  the  exception  of  that  for  Feb.  22,  which  is  by 
Wolf,  at  Heidelberg,  the  above  are  revised  positions  by 
Metcalf,  of  Taunton,  Mass.,  resulting  from  positions  of 
the  comparison  stars  determined  according  to  the  well- 
known  methods  employed  at  this  Observatory. 

Using  four  places,  Feb.  16,  Feb.  23,  March  14  and  March 
17,  the  following  elliptic  elements  have  been  computed : 

Epoch  =  169°  19  54".6 

o)  =    41  36  47.8)  T,  .■   .■         ■,  HT 
n>        QQQ     "   1  o  <•  (  Ecliptic  and  Mean 

".  =  '^•^.i     '   rtl  \  Ecliptic  of  1907.0 
I  =    15  o4  48.2  )         ^ 

^  =    16  16     0.1 
log  a  =  0.490980 
log  ^  =  2.813537 

^  =  650".9343 

The  columns  (C  — 0)  were  obtained  by  comparing  the 
observed  places  with  an  ephemeris  computed  with  the 
above  elements. 


For    the    next    opposition,    which    should   occur    1907 
April  8,  the  following  ephemeris  has  been  computed: 

Elements  and  Ephemeris  for  (1906  T  E)  Marianna. 


190T  G.M.T. 

R.A.  1907.0 

Decl. 

1907.0 

Aberr.  1 

Mar.  14.5 

13  0  14.6 

-21 

33  38 

25  36 

18.5 

12  57  25.9 

-21 

32  28 

25  22 

22.5 

12  54  27.8 

-21 

29  7 

25  10 

26.5 

12  51  22.5 

-21 

23  39 

25  1 

30.5 

12  48  12.3 

-21 

16  10 

24  53 

April  3.5 

12  44  59.4 

-21 

6  47 

24  49 

7.5 

12  41  46.2 

-20 

55  39 

24  46 

11.5 

12  38  35.2 

-20 

42  57 

24  46 

15.5 

12  35  2S.8 

-20 

28  56 

24  48 

19.5 

12  32  29.4 

-20 

13  49 

24  53 

23.5 

12  29  39.1 

-19 

57  55 

25  0 

27.5 

12  26  59.7 

-19 

41  30 

25  9 

May  1.5 

12  24  32.8 

-19 

24  48 

25  21 

5.5 

12  22  19.7 

-19 

8  7 

25  34 

9.5 

12  20  21.5 

-18 

51  41 

25  49 

+1-  =  -9'. 

Magn 

=  12.6. 
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DIRECT    COMPUTATION 


OF    THE    EXPRESSIOIsTS    FOR 
m   ELLIPTIC  MOTION, 

Bv  F.  K,  MOULTON. 


THE    COORDINATES 


1.  Introduction .  In  the  usual  solution  of  the  problem 
of  elliptic  motion  the  coordinates  are  found  by  the  inter- 
mediate use  of  Keplee's  equation,  which  is  often  treated 
by  Lagrange's  method  of  solving  implicit  functions  of 
the  type  to  which  it  belongs,  or  by  Bessel's  functions. 
In  order  to  make  the  discussion  complete  by  either  method 
a  number  of  theoretical  questions  must  be  considered,  and 
the  practical  details  involve- considerable  labor. 

In  this  paper  it  will  be  shown  how  the  solutions  ex- 
pressed as  power  series  in  the  eccentricity  may  be  obtained 
by  direct  integration  of  the  differential  equations.  While 
a  beginner  might  find  some  diificulties  in  understanding 
the  complete  demonstration  of  the  validity  of  the  processes, 
he  would  have,  on  the  other  hand,  the  great  advantage  of 
employing  in  relatively  simple  problems  methods  which 
are  used  in  the  more  difficult  parts  of  celestial  mechanics. 
It  is  even  doubtful  if  the  difficulties  which  this  method 
presents  are  any  more  serious  than  those  encountered  in 
the  standard  methods,  while  it  shows  the  close  relation 
between  the  problem  when  there  are  only  two  bodies,  and 
that  when  there  are  more  than  two. 

2.  Solution  o/ Kepler's  Equation.  The  method  which 
will  be  employed  in  the  two-body  problem  will  be  illustrated 
first  in  the  treatment  of  Kepler's  equation.  In  the  usual 
notation  we  have 


(1) 


n  (t-T)  =  AI  =  E  -  e  sin  E, 


where  the  eccentric  anomaly,  E,  is  to  be  determined  in 
terms  of  e  and  M.  Some  of  the  properties  of  the  solution 
will  be  noted. 

(a)  For  any  M  lying  between  kit  and  (k  +  1)  tt  there  is 
but  one  value  of  ^,  which  also  lies  between  kit  and  (k  +  1)  w, 
satisfying  (1).     For,  if  we  write 

F{E)  =  E-  e  sin E  -  M 

with  such  a  value  of  M,  then  F{KTr)  < 0  and  7<'(k  +  1) 7r>  0. 
Moreover,  F'  (E)  =  1  —  e  cos  E>  0.     Consequently,  since 


the  function  is  finite  and  continuous  in  the  interval,  it 
passes  through  zero  once,  and  but  once. 

(b)  If  for  M  =  M„  the  solution  of  (1)  is  ^  =  E„,  then 
for  M  =  M„  +  27r  the  solution  is  E  =  Eo  +  27r,  whatever 
Mg  may  be.  Consequently  E  —  M  is  a  periodic  function 
oi3L 

(c)  If  for  M  =  Mg  the  solution  of  (1)  is  E  =  E^,  then 
for  31=  —M„  the  solution  is  E=  —E^.  Therefore, 
E  is  an  odd  function  of  31. 

(d)  For  all  finite  values  of  J/ only  finite  real  values  of  E 
will  satisfy  (1),  and  E  is  a  continuous  function  of  31.  It 
follows  from  (I/),  (r)  and  (d)  that  E  —  31  can  be  expressed 
as  a  Fourier  sine  series  in  31. 

The  differential  equation  from  which  (1)  is  derived  is 

dE  __  1 

d3I        1—e  cos  E 

Since  e<l  the  right  member  of  this  equation  can  be  ex- 
panded as  a  converging  power  series  in  e  for  all  values  of 
E.     Thus, 

(2) 
=  1  +  cos  E  t 


dE 
dJi 


■  +  i[l  +  cos2£']  e-+i  [3cos  jE'+cos  3  £']  e' 
+  ^[o  +  4:00s2E+cos4:E;\e*    .... 

Cauchy  has  shown*  that  a  differential  equation  of  the 
type  of  (2)  can  be  integrated  so  as  to  express  the  dependent 
variable  as  a  power  series  in  the  parameter,  which  is  e  in 
the  present  problem.  For  a  jjreassigned  range  of  values  of 
the  independent  variable,  the  series  converge  for  all  values 
of  the  parameter  whose  moduli  are  sufficiently  small.  The 
method  of  Cauchy  gives  simply  a  limit  for  the  modulus  of 
the  parameter  which  is  in  general  much  smaller  than  the 
true  radius  of  convergence.  However,  in  the  present  case 
the  true  radius  of  convergence  for  any  special  value  of  31, 

*  Comptes  Rendus,  Vol.  XV  (1842),  pp.  14,  44  and  especially  141  : 
Collected  Works,  first  series,  Vol.  7,  p.  62  ;  also  Picakd's  Traite 
iV Analyse,  Vol.  Ill,  p.  1.57. 

(14.5) 
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and  in  particular  the  smallest  true  radius  of  convergence 
as  M  takes  all  values  from  0  to  2Tr,  has  been  found  by 
Laplace*  and  HERMiTE.t  Or,  it  can  be  found  by  an  ap- 
plication of  the  method  employed  by  the  writer  t  in  solving 
the  closely  related  problem  of  finding  the  true  radius  of 
convergence  when  E  is  expressed  as  a  power  series  in  M. 
The  method  has,  indeed,  been  applied  by  Levi-Civita  § 
and  CharlierII  to  the  solution  of  the  problem  for  all 
values  of  M.  All  the  methods  show  that  in  order  that  the 
series  may  converge,  the  modulus  of  e  must  be  less  than 

0.6627 Levi-Civita  proved  also  the  interesting  result 

that  if  -q  is  defined  by  the  equation 


where  e  is  the  naperian  base,  and  if  the  expansion  is  made 
in  powers  of  -q,  then  whatever  the  value  of  M  the  series 
converge  for  all  the  values  of  77  corresponding  to  all  the 
values  of  e  from  0  up  to  1.  At  present  we  shall  use  only 
the  fact  that  for  any  interval  in  M  (naturally  0 . . .  27r,  since 
the  solution  is  periodic  with  the  period  25r)  the  series  con- 
verge for  the  modulus  of  e  sufficiently  small. 

According  to  Cauchy's  thorem  the  solution  of  (2)  can  be 
expressed  in  the  form 


(3) 


A^=£^.(.¥)e' 


where  the  E^  are  functions  of  M  to  be  determined  so  that 
(2)  shall  be  identically  satisfied  in  i)/and  e,  and  so  that  E 
shall  have  the  prescribed  initial  value.  The  solution  of  (1) 
for    J7=0    is    E=0    whatever  e  may  be.     Therefore 


0  =  2  ^.  (0)  «■■ 


for  all  e  sufficiently  small,  from  which  it  follows  that  each 
Ei  must  separately  vanish  at  J/  =  0. 

Substituting  (3)  in  (2),  and  arranging  in  powers  of  e,  we 
have 

Ss^*'  ^  l+[cos£'„]e+[i  +  icos2^„-^iSinA;]«2 

+  [ — ^E^^  cos  E^—  £'2  sin^^o — E-^  sin  '2E^-\-'i  cos  E^ 

+  icos3ii'o]e8 

+  [-E^E^cosEo-E^smEg^^E^hinE^-E^-cos  2E^ 

-  E„ sin  2E„-iE,  sin  E^-^E, sin 3A; 

+  ^  +  i  cos  27t'„+  ^  cos 4i;]  e*  + 

Since  the  solution  must  satisfy  the   differential  equation 

'  Mecanique  Celeste,  Vol,  5,  Supplement. 
t  Cours  it  la  Fac.  des  Set.  de  Paris,  3d  edition,  (1886),  p.  167. 
J  Astronomical  Journal,  Nos.  537-538,  May,  1903. 
§  Rendiconti  della  li.  Accademia  dei  Lincei,  Vol.  XIII,  Marcli, 
1004. 

Mtdd'liindenfrun  Lunds  Ast.  Obx.,  \o.  22,  1904. 


1 

COS  E\ 

=  i  +  i  cos  2E^  —  Ei  sin  E^ 
=  —  ^£'1^  eosE^  —  E„smE„  —  £'isin2  £"„-(-  f  cos£o+  icos3  A'„ 


identically  in  e,  the  coefficients  of  corresponding  powers  of  e 

in  the  left  and  right  members  must  be  equal.     Therefore 

dE^ 

dM 

dE, 

dM 

dE„ 

dM 

(IE, 

dM 

dE 

-pjT^  =  —E^E,  cosE,  —  E^  sin  E^+^  E^^  sin  E^  —  E{'  cos27i'„ 

^^^^^        -E,  sin2E,-iE,  sinE^  -  iE\  sin3^„+| 

+  icos2^„+  i  cos  4  a; 

These  equations  may  be  integrated  iu  the  order  in  whit-h 
they  are  written,  giving,  when  the  condition  that  E^  =  0 
at  31  =  0  is  applied  at  each  step,  the  results 
E,  =  .1/ 

--—i  =  cos  M,  whence  E^  =  sin  M 
dM 

dE 

— -I  =  cos2il/,  whence  E„  =  },  sin2J/ 

dM 

J  p 

— i  =  _^cosJ/+|cos3J/,  whenceA'3  =  |(— sinJ/+3sin31/) 

— -  =  —  i  cos  2M  +  j  cos  4  M,  whence 

'^-^^  E\  =  l(-sm2 M+  2  sin Uf) 

Hence  E  becomes 

E  =  31+  [sin  .17  ]  e  +  i  [sin  231]  e=+  ^  [-sinJ/+  3  sin  3J/]  e» 

+  1  [-sin2il/+2sin43i]e^+  .... 
agreeing  with  well  known  results. 

It  can  be  established  by  induction  from  the  equations 

dE, 

dli 


involved  in  the  process  («)  that  the  expression  for  each 

involves  only  cosines  of  multiples  (zero  excluded)  of  31, 
(b)  that  the  sum  of  its  coefficients  (for  31  =  0)  is  unity, 
(r)  that  when  i  is  even  only  even  multiples  of  31  occur,  and 
when  i  is  odd  only  odd  multiples  of  31  occur,  and  (d)  that 
the  highest  multiple  of  31  is  /.  Hence,  when  E^,  ...,  E,_^ 
have  been  found,  the  equation  determining  E^  will  have 
the  form 

—  =  .41'' C0SJ/+.4!,'' cos2iV+  ....  +A''>  cos  iM,  where 
d3I 

Af  +  Ai^^  +  ...  +  Al''  =  l;  if  iis  odd  Jij'  =  0,  ,/  =  0.  ...,  '-^ 

i  —  2 
and  if  i  is  even  .4ij\.,  =  0,y=0,  .  .  .  ,  — ^ — 

The  solution  of  this  equation  satisfying  the  condition  that 
£■,  =  0    at    31=0    is 

ii',  =  A['^  sin  3I+iAiJ'  sin2J/+  .  .  .  +  -  .4|''  sin  131 

Hence  it  is  only  necessary  to  compute  the  ^j"  in  order  to 
obtain  the  E^ ,  and  therefore  E. 
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3.  Compxifrifion  of  Polar  Coordinates.  It  will  be  shown 
in  this  section  how  the  explicit  expressions  for  the  polar 
coordinates  may  be  obtained  directly  from  the  differential 
equations.  When  the  problem  is  treated  in  this  way  the 
consideration  of  Kepler's  equation  is  superfluous. 

The  differential  equations  of  motion  are  in  polar  co- 
ordinates 


(^) 


dt\     df 


The  integral  of  the  second  equation  is 

The  constants  of  integration  are  easily  determined  in 
terms  of  the  elements  without  expressing  the  (.■oordinatef 
explicitly  in  terms  of  the  time.  It  is  found  that  in  elliptic 
orbits 

c  =  k^(lJf-m)a  (1— e-) 

/.•-(1  +  m)  =  n-a' 
where 

a  =  the  major  semi-axis  of  the  orbit, 
e  =  the  eccentricity  of  the  orbit, 
n  ^  the  mean  angular  velocity  in  the  orbit, 
M  =  71  (t—  T)  =  the  mean  anomaly. 

By  means  of  (.5)  and  these  relations  the  first  equation  of 
(4)  becomes 

d'r        a*{\  —  e-) 
dip 


(6) 


+ 


0 


When  e  =  0  a  solution  of  this  equation  is  r  =  a.  Hence, 
to  find  the  deviation  from  circular  motion  in  an  elliptic 
orbit  it  is  convenient  to  put 


r  =  a  (l+pe) 


Then  (6)  becomes 


d-p_,     (p+«) 


=  0 


whence 

-JM-^+P  =  -(l-V)«  +  K3-6pOe-'-pH6- 10^^)6"  .  .. 

Since  in  an  elliptic  orbit  ;•  varies  between  a{l  —  e)  and 
a(l  +  e)  it  follows  that  p  varies  between  —1  and  +1,  and 
that  the  right  member  of  (7)  converges  for  all  these  values 
of  p. 

Equation  (7)  is  to  be  integrated  as  a  power  series  in  e 
of  the  form 

(8)  ''  ""  Zj  '*'  *' 

i  =  0 

The  process  is  valid  as  is  shown  by  Cauchy's  theorem. 


Substituting  (8)  in  (7),  and  arranging  according  to  jjowers 
of  e,  we  have 

(9) 

%  'jlh  ''+  2  P' "'   =    - 1^  - ^Po'^]  ''  +  'Vo  [  1  +  -V,  -  2p„^]  e"- 

+  lGp,p,  +  3p,(i+p,~6pi)  -p„^(G-10po^)]  f»+  .... 

Before  solving  equation  (9)  we  shall  recall  some  of  the 
properties  the  solution  must  possess.  Since  the  body 
moves  in  a  closed  curve  so  that  the  law  of  areas  is  fulfilled 
the  motion  is  periodic.  If  at  Jf  =  0  the  body  is  at  an 
apse,  we  shall  have  r  =  a  (1  —  e),  whence  p  =  —  1,  and 

dr  dp 

T^Tr    =      tt6    — ,-     =     0 

dM  dM 

Since  these  conditions  are  true  whatever  e  may  be,  and 
since  the  series  (8)  converges  for  e  sufficiently  small,  it 
follows  that  at  M  =  0 


Po 


=  -1 


p,  =       0.  /  =  1, 

^r-      0''=0' 
d3I 


(10) 


Equating  coefficients   of  corresponding  powers  of  e  in 
the  left  and  right  members  of  (9),  we  have 

dll' 
d% 
dM- 


^.  +  Po  =  0 

■  i  +  Pi  =  —  1  +  W 


d'-p2 
dM 


Up.  =  3p„(l+2p,-2p„=) 


(a) 
(0) 


y[i  +  p^  =  f'PoP-.'  +  3p,  ( 1 + p,  -  6p;^)  _  p;^  (6  - 1 0  p/)     (rf) 

The  only  solution  of  (a)  satisfying  conditions  (10)  is 
Pd  =  —cos  J/ 
Then  equation  (/>)  becomes 


«'Pi 
dM- 


-f.  Pj  =  -^  +  I  COS  2M 


Tlie    only  solution  of    this    equation  satisfying   the  con- 
ditions (10)  is 

p,  =  i(l-cos2J/) 

Then  equations  ('')  and  (d)  can  be  solved  in  order  in  a 
similar  manner.  These  equations  and  their  solutions  are 
easily  found  to  be 

g^  +  P.  =  3cos3^ 


p„  =  I  (cos  jli— cos  33/) 


d-p: 

dM 


k  +  Pc 


—  cos2ilf+5  cos  4Jf 


Pj  =  ^  cos  (2M—  cos  4  J/) 
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Substituting  these  values  for  the  p,  in  (8),  and  then  back 
in  tlie  expression  for  r,  we  find 

(11) 

,•  =  «  ^  1  _  cos  M.e  +  i  (1  -  cos  2M)  e''+  f  (cos  J/-  cos  3M)  e" 
+  V(cos2Jf-cos4.1/)  e*+.  .  .  .  | 

Making  use  of  the  value  of  r,  and  the  relation  between 
t  and  M,  equation  (5)  becomes 


(12) 


Substituting  for  r  its  value  as  found  in  (11)  and  expand- 
ing as  a  series  in  e,  we  find 

-^  =  l+[2cosi¥]e+[f  cos2il/]e=+[-icosJ/+-Vcos37)/]e5 

4.[_i.^  cos  2i»/+ '50,3  cos4ilf]  e*+  .... 

Integrating  and  making  w  =  0  at  i)/  =  0,  we  get 

(13) 

V  =  J/+[2  sin.l/]  e+[{  sin  2M  ]  e^+f- J-  sinjl/-t-|^  sin  3J/]  e' 
+  [—^1  sin  21f+Y#-  sin47Ji]  e^+.  .  .  . 

4.  Computation  of  the  Rectangulnr  Coordinates.  After 
the  polar  coordinates  have  been  computed  the  rectangular 
coordinates  may  easily  be  found  from  the  equations 


X  =  r  cos  V 


y  =  r  sm  v 


d^i 
dip 


But  they  can  also  be  found  directly  from  the  differential 
equations  in  rectangular  coordinates, 

'^'^+F(l+m)^  =  0 


df 
d^ 
df 


+  fc^(l+™)^3 


0 


Passing  to  the    independent  variable  M  these   equations 
become 

d''x       a'x 


dM' 
dJP 


a' II 


=  0 
=  0 


These  equations  admit  the  circular  solution, 

X  —  a  cos  M    ,     y  —  a  sin  j\l 

When  the  orbit  is  an  ellipse  with  the  same  major  axis  the 
coordinates  may  be  conveniently  represented  in  the  form 


X  =  a  cos  M  +  aie 
y  =  a  sin  M  +  a  -qe 


(14) 


Substituting   the   expressions    (14)    in   the   diiferential 
equations,  we  get  upon  expanding  as  power  series  in  e, 


(15) 


-  .V  [(1  +  3  cos  2M)  ^ + 3  sin  271/ ,;]  +  [|  (3  cos  31+  5  cos  3 J/)  ^- 
+  §  (cos  M-5  cosSJf )  rj'+i  sin  3Iiri  +  -L5  sin37lf^,;]  e  - 


.  ^  0 


^-_  1  [3sin2Jife'+(l-3cos2i)f),,]+  [§  (sin  j)/+  5  sin3J/)  ^ 

+  J  (3  sin  M- 5  sin  331)  r;'^  +  f  cos  Mirj-  V-  cos  3yI%]  e+.  .  .  .  =  0 


We    shall    express   the    solutions   of    these   equations  as 
power  series  in  e  of  the  form. 


(Ki) 


Suppose  that  at  31  —  0  the  body  is  at  its  perihelion,  that 
is,  that 

x  =  a(l-e),     ^=0,    ^  =  0,    while -^^ 
has  the  value  defined  by  the  areas  equation 


dy_ 
d3f 


dx 


y 


dM 


Substituting  the  values  of  a;  and  y  in  this  equation  it  is 
found  that,  at  3T  —  0, 


■dj__         [l+e 
dM~  ''>jl-« 


Then  it  is  found  from  equations  (14)  that,  at  31  =  0, 


Vl+e— Vl— « 


d3I         ' 


=  0, 


d3I 


3V1— e 


With  these  initial  conditions  the  motion  is,  as  before, 
periodic  with  the  period  2ir,  the  i^  is  a  cosine  series,  and 
the  7;  is  a  sine  series. 

Substituting  the  expressions  (16)  back  in  (15),  expand- 
ing as  power  series  in  e,  we  find 

51  H^  ''  -  ^  r(l+3cos23/)5;  i,e'  +  3  sin  21/ £>?,«' 1 
=  [-a  (3cosM+5cos3JJ/).V-;|  (cos 7)/- 5 cos 3i)/)  %^ 
-f  sinJIf^„,,„-Vsin33/.?„%].'  +  .  .  .  . 

1=0  •-  t-0  1  =  0 

=  [-1  (sin  il/+5 sin  331)  i„'-%  (3  sinJ/'-5  sin  33/) 7;„ 

-|COSi¥^„,,„+Y  C0s37)/c*„r;J  e+    .... 
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The  equations  determining  £^  and  r;„  are 


^(l  +  3cos2yl7)^„-isin2.1/  %  =  0 
•J  sin  2J/^„-i  (1  +.3  cos  2i)/)  %  =  0 


The  general  solutions  of  these  linear  equations  with 
periodic  coefficients  can  be  found  without  difficulty,  and 
the  initial  conditions  imposed.  But  the  general  solutions 
will  not  have  the  period  2i!-,  as  is  known  from  the  general 
theory  of  equations  of  this  type,  as  well  as  from  the  fact 
that  the  period  does  not  remain  unchanged  except  for 
special  displacements  from  a  circular  orbit.  It  is  known 
from  the  properties  of  the  orbit  that  the  displacement  may 
be  made  so  that  the  orbit  will  be  elliptic  with  the  same 
period.  Therefore,  since  the  condition  has  been  imposed 
that  the  body  is  starting  from  its  perihelion,  the  equations 
have  particular  solutions  of  the  form 

1^  =  ^<«)  +  .411)  cos  M  +  Jl"'  cos  2M+  .  .  .  . 

r,^  =  />•<«  sin  M+  B'^^  sin2M+  .  .  .  . 

Substituting  in  the  differential  equations,  and  imposing 
the  conditions  that  they  shall  be  identically  satisfied  in  J/, 
we  find 
Jio)  =  -SAi"^  ,  .JW'  =  0  ,  ^i°>  =  0, 

£!{"=  A<<>'  ,  Jjo'  =  Bf^  =  0  (i>2) 
From  the  condition  that  $^  =  —1  at  J)/ =  0  it  is  found 
that  A„  =  ^.     Therefore 
.-.7.  ^„=  -|  +  ^cos2if 

^     ^  ■       %  =       isin2if 

The  equations  which  define  ^1  and  r]i  are 

^,  -  1  (1+  3  cos  2jM)  4  -  a  sin  2 Mr,, 

'''" "       '  "=  _  :|(3  cos  M+  5  cos  37)/)  ^;- 

-  -i  (cos  M—5  cos  331)  r]^- 
-^(sinM+5sm3M)i,r,, 

1^  -  I  sin  2Mi,  _  i  (1  -3  cos  2.1/)  r,, 

'*^"  ■  -  -  J  (sin  M+  5  sin  3M)  i^' 

-  -i  (3  sin  Af-5  sinSif )  rj^^ 

-  J  (cos  M-5  cos  3 Jf )  i^rj„ 

Computing    the    right   members    of    these    equations    by 
means  of  (17),  we  obtain 

j^i  - Kl  +^  cos  2iV)$, - i|  sin  23rrj,  =  +  ^ cos3/-  '/  cos  3^i 


^-isin23Ii,-,a- 


-3  cos  2.V)r;,=  +f  siniV/—  'J  sin  331 


From  the  properties  of  the  solution  which  have  been 
given  it  follows  that  the  solutions  of  these  equations 
having  the  period  27r  in  3/,  and  such  that,  a,t  M  =  0, 


-'  =  ^'  =  dM 


drj^ 

dM 


0 


will  have  the  form 

4\  =  .^i"  +  ^i»cosJ/+^"cos2J/+  .... 
,,1  =  i?<"  sin  3r  +  Bi'>  sin  2M+  .  .  .  . 

Substituting  these  expressions  in  the  differential  equations, 
and  imposing  the  conditions  that  they  shall  be  identically 
satisfied  in  31,  as  well  as  that,  at  3f  =  0, 

i   -    '^'?i  -  0 


we  find 

JJ"  =  .-IJ"  =  0 

Hence 


.4<»=-|  ,    J^"=+g  ,    J,'»  =  0(i>3) 
=  -f  .    ^i"=+i  ,  i?;"=0(t>3) 


$1  =  —  J  cos  AT  +  f  cos  331 
i/i  =  —  g  sin  3/+  a  sin  33/ 


(18) 


Substituting  (17)  and  (18)  back  into   (16)   and   (14),   we 
obtain 

(19) 
X  =a^cos3ir+(— ^+^cos23/)e+g(-cos3f+cos33/)e^+.  ..| 
1/  =  a^sin3/+  J  sin2  3/e  +  |  (  — 5  sin  3/+3  sin  33/)e-+.  .  .| 

While  this  process  may  be  extended  as  far  as  it  may  be 
desired  to  carry  the  computations,  it  is  not  to  be  recom- 
mended as  being  convenient  in  the  case  of  the  rectangular 
coordinates. 

When  one  looks  over  the  ordinary  method  of  treating 
the  two-body  problem  by  solving  the  implicit  relations 
among  the  coordinates  and  time  which  arise,  he  will  see 
that  it  fails  if  amost  any  imaginable  disturbing  accelera- 
tions are  added.  On  the  other  hand,  the  methods  em- 
ployed in  this  paper  may  be  used  step  by  step  after  the 
addition  of  almost  any  disturbing  forces,  while  at  least  in 
computing  the  polar  coordinates  they  are  convenient.  But 
their  chief  value  lies  in  the  fact  that  the  two-body  problem 
is  considered  as  a  special  simple  case  in  the  general  prob- 
lems of  celestial  mechanics,  and  one  whose  realm  of  validity 
can  be  completely  determined. 


The  University  of  Chicago,  1907  April  10. 


PARALLAX   OF   a  GEMINORUM  AND  <t  DRACONIS, 

By  mason  F.  smith. 


Considerable  interest  attaches  to  a  determination  of  the 
parallax  of  a  Geminorum  as  a  bright  binary  of  appreciable 
proper  motion,  for  which  no  reliable  result  has  been  ob- 


tained. The  only  published  values  we  are  aware  of  are 
those  of  Johnson,  +0".20  and  Flint,  —  0".17.  So  I  have, 
in  the  past  two  years,  taken  it  up  with  the  Yale  Helio- 
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meter,  securing  two  series  with  different  pairs  of  comparison 
stars  of  20  observations  each,  the  approximate  Distances, 
Position-Angles  and  Magnitudes  being  : 

Distances  Position-Angles         Magnitudes 


Series    I       4302  and  4055 
Series  II       4197  and  3354 


274.1  and  83.4 
229.S  and  53.5 


8.0  and  7.0 
8.0  and  7.5 


The  measures  were  made  and  reduced  according  to  the 
methods  followed  in  all  our  parallax  work,  pointing  on  the 
brighter  component  a„ .  Six,  eight  and  six  sets  were 
secured  at  three  successive  parallax  maximum  epochs,  lead- 
iuET  to  the  following  Normals  and  Solutions  : 


Series  I. 


Normals:  +20.00.--  +  7.83  y  +5.79 ^  =  +0.007 
+  7.83  +69.12  +3.47  =  +0.090 
+   5.79      +   3.47      +4.59      =    -0.012 


Solution : 


[«w]   =   0.00270     [re]   =   0.00254 


^   =    +0".018  ±  0".012 


=  +0.0014  ±  0.0022 
=  +0.0014  ±  0.0010 
=    -0.0055  ±  0.0046 


Wt. 


Prob.  Error  1  Eq.    =    ±0".099 


12.5 

65.6 

2.9 


Normals  : 


Series  II. 

+  20.00  .>•   +   5.88  y   +5.80  a:   =    +0.056                       Solution: 
+   5.88      +33.61'     +2.59      =    +0.075 
+   5.80      +   2.59      +4.77      =    -0.019 

.'/  = 

+  0.0056  ±  0.0024 
+  0.0022  ±  0.0015 
-0.0121  ±  0.0048 

Wt.  12.7 

31.6 

3.1 

[TiM]   =   0.00369      [cy]   =   0.00300 

Prob 

Error  1  Eq.   =    ±0' 

.108 

=    +0".028  ±  0".019 


The  mean  result  by  weights  of  both  pairs  is  : 
TT  =    +0".022  ±  0".010 
and  the  agreement  of  the  two  values  does  not  imply  any 
systematic  error.     According  to  Kaptetn,  the  parallax  of 
the  comparison  stars  is  +0".008. 

For  o-  Draconis,  a  corroboration  of  the  large  values 
derived  by  Beunnow,  +0".24,  and  by  Peter,  +0".17, 
seemed  worth  while  to  secure.     Accordingly  a  series  was 


undertaken  with  a  pair  of  comparison  stars  for  which  the 
data  are  : 


Distances 
6272"  and  4371" 


Position- Angles 
27r.5  and  81°.3 


Magnitudes 
8.1  and  8.0 


At  three  successive  maximum  parallax  epochs  six,  nine 
and  six  sets  were  secured,  furnishing  the  following  Nor- 
mals and  Solution  : 


Normals : 


+  21.00  J-  -  5.32  y  +6.29  2:  =  -0.127 
-  5.32  r74.96"  -0.86  =  +1.436 
+   6.92      -    0.86      +4.57      =    -0.025 


Solution:     .t=    -0.0012+0.0031  Wt.  12.1 

y  =    +0.0191  ±  0.0013  73.4 

z   =   -0.0000  ±  0.0066  2.7 


[w«]    =   0.03283     [vv]   =  0.00529 

,r  =    +0".243  ±  0".016 


Prob.  Error  1  Eq.    =    ±0".139 


Kapteyn's  parallax  of   the  comparison  stars  would  be   +0".008.      It  would  therefore  seem  that  a  parallax  of 
about  0".2  is  well  assured  for  this  star. 

Tale  University  Observatory. 


OBSERVATIONS   OF   COMET  <x  1907  (giacobini), 

m.\!>k  with  the  16-inch  refractor  at  the  goodsell  obsbrvatory,  northfieli),  minn. 

By  H.  C.  WILSOX. 

[Communicated  by  the  Director,  Wm.  W.  Payne.] 


1907  Northfield  M.T. 

* 

Comp. 

Ja 

Jh 

App.  a 

App.  0 

logpA 

Red.  to  App.  PI. 

Mar.  12  10  36  14 

1 

6,4 

-l'"  9^60 

+  0'  53'l 

6  55  16.43 

-15  15  26.6 

9.487 

0.850 

+  0.27  -15.7 

15  10     5  55 

2 

12  ,  6 

+  0  39.47 

+  0  11.9 

6  48     0.55 

-12  36  14.8 

9.459 

0.845 

+  0.14  -15.3 

15  10     6  38 

3 

6,2 

+  3     2.95 

-2  14.9 

6  48     0.46 

-12  36  14.6 

9.461 

0.845 

+0.14  -15.3 

Apr.    1     8  37  57 
5     8  18  24 

4 

12  ,  6 

+  0  50.56 

-1     8.6 

6  21  47.07 

-   0  25  31.1 

9.459 

0.790 

-0.34  -11.9 

5 

10,6 

-0  44.02 

+  2  41.7 

6  18  21.10 

+   1  46  45.7 

9.499 

0.778 

-0.43  -11.2 

8     9     3  18 

7 

21,6 

-0     0.34 

+  0  55.3 

6  16  14.73 

+   3  19     2.5 

9.651 

0.763 

-0.50  -10.5 
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Mean  Places 

of  Comparison- Stars  f 

or  the  beginning  of  the 

year. 

* 

a 

S                                 Authority 

* 

a. 

8 

Authority 

1 

2 
3 
4 

6  56  25.76 
6  47  20.94 
6  44  57.39 
6  20  56.85 

-15  16     4.0 
-12  36  11.4 
-12  33  44.4 
-  0  24  10.6 

Bonn  VI,  201 
Microm.  com  p.  with  3 
Lalande  i;]179 
Sfhjellei'up  2194 

5 
6 

7 

6  19     5.55 
6  20  29.37 
6  16  15.57 

+  1  44  15.2 
+  1  33  11.4 
+  3  18  17.7 

Microm.  comp.  with  6 
Gbttin.  1316,  Schj.  2187 
B.D.  VI,  +3°1205 

KOTES  ON   SOME   LO:j^G-PEKIOD   VARIABLE   STARS. 

By  a.  STANLET  WILLIAMS. 


The  following  notes  give  the  chief  results  derived  from 
my  last  year's  observations  of  long-period  variable  stars, 
and  are  in  continuation  of  those  which  have  previously 
been  published  in  the  Astronomical  Journal.  The  obser- 
vations were  all  made  with  a  6i-inch  reflector,  the  usual 
magnifying  power  being  73.  The  dates  of  maxima  and 
minima  have  all  been  derived  from  single  curves. 

RZT  Andromedae. 
R.A.  =  l""  32"'  47'     ;     Decl.  =  -|-38°  9'.5  (1900). 

Observations  made  on  16  nights  between,  July  24  and 
Oct.  23,  give  1906  Aug.  1  (J.D.  2417424)  for  the  date  of 
maximum  (9".9).  This  date  may  not  be  very  exact,  there 
being  only  two  observations  a  little  before  the  maximum 
brightness.  The  above  date  is  12  days  earlier  than  that 
computed  from  the  elements  published  in  the  A.J.,  No.  586, 
p.  80. 

562.      Y  Andromedae. 

A  well  observed  maximum  occurred  on  1906  Sept.  23 
(J.D.  2417477).  Magnitude  =  8.1.  Observations  were 
secured  on  27  nights,  between  July  27  and  Dec.  7.  The 
decline  was  slower  than  the  rise,  with  a  not  very  pro- 
nounced hump  in  the  light-curve  about  Oct.  23.  The  above 
date  of  maximum  is  38  days  later  than  the  date  given  by 
Dr.  Hartwig  in  the  V.J.S.  Ephemerides. 

R  V  Andromedae. 
R.A  =  S""  4""  345  ;  Decl.  =  +iS°  27'.6  (1900). 
A  very  sharply  defined  and  well  observed  maximum 
occurred  on  1906  Sept.  1  (J.D.  2417455),  and  a  less  sharply 
defined  minimum  on  Nov.  3  of  the  same  year  (J.D.  2417518). 
The  brightness  at  maximum  was  8". 2,  and  at  minimum 
10". 6.  Twenty-two  observations,  between  1906  July  24 
and  1907  Jan.  17.  The  rise  after  minimum  was  slow, 
with  a  standstill  about  the  end  of  December,  so  that  the 
light-curve  about  this  time  somewhat  resembles  that  at  the 
end  of  the  preceding  year  (See  A.J. ,1^0.  586,  p.  80). 

1205.      Y  Perse!. 
Observations  were  made  on  18  nights,  between    1906 
Aug.  19,  and  1907  Jan.  17,  and  these  give  1906  Sept.  26 


(J.D.  2417480)  for  the  date  of  maximum.  This  date  is  36 
days  earlier  than  that  computed  from  Dr.  Graff's  ele- 
ments,* but  the  decline  after  maximum  is  only  very  slight, 
and  there  are  indications  of  a  secondary  maximum  in  the 
early  part  of  December.  In  the  case  of  a  light-curve  of 
this  form  it  may  well  be  questioned,  it  seems  to  me, 
whether  the  slightly  brighter,  though  nnsymmetrically 
situated,  first  maximum  should  be  adopted  as  being  tlie 
actual  date  of  maximum.  Rather,  as  Professor  H.  H. 
TuRXER  is  recently  reported  to  have  said  ( The  Observatory, 
April  1907,  p.  157),  we  should  take  to  calculating  the 
areas  of  the  curves  and  the  centres  of  gravity.  The  bright- 
ness of  Y Persei  at  the  recent  maximum  was  8". 6.  The 
strong  color  of  this  star  renders  the  observations  difficult 
and  uncertain,  particularly  when  it  is  bright. 

R  U  Persei. 
R.A.  =  S"  23"  57^^     ;     Decl.  =  -|-39°  18'.9  (1900). 

This  variable  passed  a  faint  (10".0)  and  not  very  sharply 
defined  maximum  on  1906  Oct.  29  (J.D.  2417513).  Twenty 
observations  were  made  between  Aug.  19  and  1907  Jan.  17, 
but  the  results  are  somewhat  discordant.  On  the  last 
mentioned  date  the  star  was  nearly  at  its  minimum  bright- 
ness. 

6827.     RT  Lyrae. 

A  well  defined  maximum  occurred  on  1906  Aug.  20 
(J.D.  2417443),  the  same  date  as  that  computed  from  the 
elements  of  Dr.  Graff.!  The  brightness  at  maximum  was 
10". 0.  Thirteen  observations,  between  July  24  and 
Nov.  11. 

6895.     RU  Lyrae. 

Thirteen  observations,  between  July  24  and  Nov.  11, 
give  1906  Aug.  25  (J.D.  2417448)  for  the  date  of  maximum. 
This  date  is  12  days  earlier  than  that  computed  from  the 
elements  published  in  the  Montlily  Notices,  Vol.  66,  p.  432, 
but  the  maximum  was  an  unusually  flat  one,  for  this  star, 
the  decline  in  particular  being  abnormally  slow.  The  maxi- 
mum was  also  a  faint  one,  the  star  not  rising  above  11". 0. 

*  Mitteilungen  der  Hamburger  Sternwarte,  No.  3,  p.  24. 
t  MttteUitngen  der  Hamburger  Sternwarte,  No.  8,  p.  44. 
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7019.  TY  Cygni. 
A  fairly  well  defined  maximum  occurred  1906  Sept.  19 
(J.D.  2417473),  from  17  observations,  between  July  24  and 
Nov.  11.  This  date  is  8  days  later  than  that  calculated 
from  the  elements  in  the  Monthly  Notices,  Vol.  66,  p.  433. 
The  maximum  brightness  was  only  9". 4,  which  is  the  faint- 
est maximum  hitherto  observed. 

7571«.  TW  Cygni. 
Six  observations,  between  March  29  and  June  17,  in- 
dicate 1906 April  26  (J.D.  2417327)  as  the  date  of  maximum 
(9''.0).  This  date,  which  is  not  very  exactly  determined, 
owing  to  the  paucity  of  observations,  is  17  days  earlier 
than  the  date  computed  from  the  elements  published  in  the 
Monthly  Notices,  Vol.  66,  p.  433.  The  existence  of  a  some- 
what large  periodic  irregularity  is  thus  confirmed. 

R  V  Pegasi. 

K.A.  =  221'  21"'  2"     ;    Decl.  =  +29°  5T.9  (1900). 

According  to  observations  made  on  28  nights,  between 

July  24  and  Dec.  7,  a  maximum  occurred  on  1906  Sept.  22 

(J.D.  2417476),  if  regard  be  had  chiefly  to  the  increasing 

and  decreasing  phases.     The  light-curve  shows,  however, 

an  unsymmetrical  hump,  indicating  for  the  actual  instant 

of  greatest  observed  brightness  (about  9|^")  a  date  6  days 

20  //ore  Park  Villas,  Bove,  1907  April  lO. 


later  than  that  already  mentioned.  The  former  date  ap- 
pears to  be  the  preferable  of  the  two,*  for  throughout  the 
time  when  the  star  was  bright  the  observations  are  some- 
what discordant ;  and  although  these  discordances  may  be 
due  merely  to  errors  of  observation,  yet  they  have  every 
appearance  of  being  real,  and  due  to  real  minor  fluctuations 
in  brightness  of  the  variable.  The  hump  above  mentioned 
would  seem  therefore  to  be  probably  due  merely  to  a  tempo- 
rary minor  fluctuation  in  brightness.  The  increase  in 
brightness  of  the  star  was  very  rapid.  On  July  24  it  was 
only  just  visible  in  a  6^-inch  reflector  (13"),  whilst  by  the 
middle  of  August  it  had  already  risen  to  10". 

The  previous  year  the  maximum  occurred,  according  to 
Prof.  A.  J.  NijLAND,t  on  August  12,  and  according  to  the 
writer's  observations, t  on  Aug.  5,  1905.  Taking  the  mean 
of  the  two  dates,  and  comparing  it  with  the  recent  maxi- 
mum, we  get  the  following  approximate  elements  of  vari- 
ation, 

,,f     .  (  1905  August  8.5 )     ,    .!„.  r  i^ 

Maximum  =4     t  -rw   ^,A^r.nr■r  r  h    +  409''.5  E 

(    J.D.  241/066.5  ) 


*See  Astr.  Nach.,  No.  4116,  col.  183. 

i  Astronomical  Journal,  No.  586,  p.  St. 

(Since  the  foregoing  was  written,  Prof.  Nu land  has  pubUshed 
the  results  of  his  recent  observations  of  long-period  variables  in  the 
A.N.,  No.  4164,  and  gives  1906  Sept.  13,  as  the  date  of  maximum 
of  RV  Pegasi  ;  curve  flat. 


THE   PROPER  MOTION  OF   THE   STAR    B.D.  ~21°1377, 

By  J.  G.   PORTER. 

meridian  circle  of  this  Observatory,  establish  beyond  doubt 
the  fact  of  motion. 

The  observations  reduced  to  1900  are  as  follows  : 


This  faint  star  appears  to  have  the  unusually  large  mo- 
tion in  declination  of  —  0".73  per  year. 

In  Schonfeld's  Durchinusterung  it  is  indicated  as  having 
been  observed  in  the  Washington  Zones,  but  I  fail  to  find 
it  there. 

The  star  first  occurs  in  the  Cincinnati  Zone  Catalogue, 
and  two  years  later  it  was  observed  at  Northfield.  Two 
recent    observations,    by   Mr.   Elliott    Smith,    with    the 

Cincinnati,  1907  March  5. 


Epoch 

R.A. 

Cincinnati  Z. 

1886.07 

6  6  21.95 

Northfield 

1888.12 

21.82 

Cin.  M.C. 

1907.14 

6  6  21.83 

Obs. 


Decl. 

-21  49  17.5 

21.0 

-21  49  33.0 


CORRIGENDA. 

Page  141,  col.  1,  1.  29  and  p.  142,  col.  1,  1.  7,    for     Peters    jiut     Peteu. 
"     141,  col.  1,  1.  31,    for    61  Cygni    put     61;  Cygni. 
"     141,  col.  2,  1.30,    for     -)-0.0.39      put     0.309. 
"     141,  col.  2,  bottom  line,    for    -)-0".005    put    ±0".005. 
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LATITUDE    DETERMINATIONS   AT   THE    FLOWER    OBSERVATORY    DURING 

THE   YEARS   1904,   1905   AND   1906, 

By  C.  L.  DOOLITTLE. 


The  latitude  series  begun  at  this  place  in  ]  896  was  re- 
garded as  closed  Dec.  28,  1903. 

On  January  9, 1904,  work  was  begun  on  a  more  extended 
program,  embracing  two  series  of  observations  carried  on 
simultaneously. 

The  Zenith  Telescope  had  been  thoroughly  overhauled, 
and  the  4-inch  objective  replaced  by  one  of  5i  inches.  An 
accident  had  ruined  the  micrometer  screw,  which  was  ac- 
cordingly replaced  by  a  new  one.  For  practical  purposes 
this  was  therefore  a  new  instrument. 

A  Reflex  Zenith  Tube  of  8  inches  aperture,  alike  in 
principle  with  the  Greenwich  instrument,  was  installed 
during  the  summer  of  1904.  Means  for  this  were  furnished 
by  Mr.  Joseph  Wharton.  It  is  therefore  known  as  the 
Wharton  instrument. 

Some  experimental  work  was  done  during  the  autumn, 
and  a  number  of  changes  were  made  which  proved  neces- 
sary or  desirable. 

Regular  work  was  begun  Dec.  13,  1904.  Both  instru- 
ments are  used  by  myself.  On  reasonably  favorable  nights 
stars  of  the  Sth  magnitude,  or  fainter,  can  be  readily 
observed  with  either. 

A  program  is  therefore  possible  which  closely  approaches 
the  ideal  one  in  excluding  pairs  of  large  zenith  distance, 
and  those  requiring  large  micrometer  corrections.  In  the 
present  case  very  few  of  the  latter  much  exceed  5'. 

The  groups  —  four  in  number  —  as  heretofore,  are  dis- 
tributed as  follows  in  right-ascension  : 

b        m  b        m 

I  5  42  -    7  58 

II  12  24  -  15  19 

III  16  44  -  19  19 

IV  20  52  -  23  22 

As  suitable  pairs  for  the  Zenith  Telescope  are  much 
more    numerous    than    available     zenith     stars    for    the 


Wharton  Instrument,  the  latter  are  first  selected  —  8  to 
10  for  each  group  —  and  the  Zenith  Telescope  pairs  are 
then  fitted  into  the  intervals.  With  the  possibility  of  em- 
ploying stars  as  faint  as  the  8th  magnitude  this  generally 
offers  but  little  difficulty. 

The  actual  arrangement  is  as  follows  : 

a  represents  a  zenith  telescope  pair. 

/3  represents  a  zenith  star. 

Group       I  y3,  «,  fi,  a,  j3,  /?,  a,  /3,  a,  a,  a,  a.  a,  a,  «,  /J,  (i.  /3. 

II  a,  a,  a,  a,  a,  a,  (S,  a,  a,  /3,  /3,  /3,  /?,  a,  a,  (i,  jS,  /3. 

III  a,  13,  /3,  a,  a,  «,  a,  /?,  /3,  a,  ji,  a,  /S,  j8,  u,  a,  p,  a,  /3,  a. 

IV  /3,  P,  13, 13,  /3,  p,  a,  a,  a,  a,  (3,  a,  a,  a,  a,  (3,  /?,  a,  a,  13. 

Each  group  also  contains  one  pair,  and  one  zenith  star 
suitably  chosen  for  investigating  the  temperature  co- 
efficient. 

During  the  year  1904,  before  the  Wharton  Instrument 
was  ready  for  use,  work  was  carried  on  with  the  Zenith 
Telescope.  The  zenith  stars  were  included,  and  were  re- 
duced as  a  separate  series.  At  first  each  group  included 
seven  of  these,  but  afterwards  the  number  was  increased 
to  eight  or  ten. 

There  has  been  some  delay  in  completing  this  work, 
owing  to  want  of  accurate  places  for  a  considerable  num- 
ber of  the  stars  employed. 

This  would  be  of  little  importance  for  present  purposes 
except  for  the  possibility  of  large  proper  motious  in  some 
of  them.  Mr.  Tucker  has,  however,  very  kindly  observed 
all  of  the  weaker  ones  —  78  stars  in  all  —  and  some  po- 
sitions have  been  courteously  furnished  in  advance  of 
publication  by  the  Director  of  the  U.S.  Naval  Observatory. 

The  observations  have  all  been  made  by  myself.  Most 
of  the  computation  has  been  carried  out  by  Miss  Edith  D. 
Kast. 

The  results  are  as  follows  : 
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Z. 

Pairs 

z. 

Stars 

z. 

Pairs 

z. 

Stars 

1904 

I 

No. 

II 

No. 

I 

No. 

II 

No. 

1904 

I 

No. 

II 

No. 

I 

No. 

II 

No. 

Jan.      9 

1.95 

6 

L84 

3 

Feb.    13 

2.14 

4 

2.08 

3 

14 

2.07 

9 

1.92 

6 

15 

2.13 

10 

2.33 

10 

2.04 

7 

2.06 

6 

15 

1.93 

10 

J. 83 

7 

16 

2.17 

10 

2.03 

8 

1.98 

6 

1.76 

6 

17 

2.14 

10 

2.08 

6 

20 

1.96 

10 

■>  21 

8 

1.95 

7 

2.05 

3 

18 

2.18 

10 

2.01 

6 

22 

2.16 

9 

2.04 

9 

1.93 

7 

1.86 

4 

19 

2.12 

5 

2.11 

4 

24 

2.04 

10 

1.86 

7 

24 

1.92 

10 

2 

16 

5 

2.14 

7 

<> 

09 

4 

25 

2.06 

10 

2  12 

9 

1.97 

7 

2.20 

4 

25 

2.09 

10 

2 

03 

10 

1.87 

7 

1 

78 

7 

27 

2^09 

5 

26 

2.07 

1 

2 

08 

9 

2.20 

2 

1 

84 

7 

Mar.      1 

2.17 

9 

2.09 

4 

1^86 

v 

27 

2.17 

9 

1 

93 

7 

2.13 

7 

1 

72 

6 

4 

2.26 

10 

2.15 

9 

2.15 

7 

1.92 

7 

30 

2.15 

10 

1.99 

4 

5 

2.17 

7 

1.91 

3 

Feb.      1 

2.11 

10 

1 

98 

10 

2.00 

7 

o 

00 

7 

8 

1.83 

1 

2.00 

2 

o 

2.00 

1 

9 

2.18 

10 

2.22 

10 

1.91 

7 

1.99 

7 

3 

1.99 

8 

2 

08 

10 

1.98 

3 

2 

11 

6 

13 

2.20 

10 

2.19 

9 

1.81 

7 

2.07 

7 

4 

1.97 

10 

1.94 

7 

15 

2.04 

6 

1.99 

3 

6 

1.99 

9 

2.03 

6 

16 

2.04 

10 

217 

10 

1.98 

7 

2.03 

'i 

S 

2.17 

10 

2 

oo 

9 

2.04 

7 

o 

04 

7 

18 

2.08 

10 

2.01 

7 

9 

2.23 

10 

1 

98 

4 

1.89 

7 

19 

1.97 

4 

1.74 

2 

11 

o  oo 

9 

o 

21 

10 

1.99 

7 

o 

25 

5 

20 

2.19 

9 

2.'l5 

's 

1.97 

6 

1.94 

7 

12 

2 

17 

10 

1 

97 

7 

Z. 

Pairs 

Z. 

Stars 

1904 

II 

No. 

III 

No. 

II 

No. 

April    5 

'^  21 

10 

L95 

7 

11 

2.06 

3 

13 

2.16 

7 

2.28 

4 

14 

2  2'* 

10 

2.10 

7 

16 

2.18 

9 

2.02 

7 

18 

2.15 

10 

1.94 

7 

19 

2.10 

10 

2.14 

7 

May     2 

2.33 

10 

2.27 

7 

2.07 

7 

3 

2.16 

9 

1.78 

2 

4 

2.23 

10 

2.1G 

8 

2.20 

6 

5 

2.13 

10 

2.00 

10 

2.13 

7 

6 

2.19 

10 

2.02 

7 

7 

2.17 

10 

2.25 

9 

2.13 

7 

8 

2.20 

9 

2.18 

6 

13 

2.31 

10 

2^41 

10 

2.31 

6 

15 

2.10 

10 

z. 

Pairs 

z. 

Stars 

1904 

III 

No 

IV 

No. 

Ill 

No. 

June   13 

2.^4 

8 

.". 

0  00 

5 

14 

2.20 

10 

2.25 

6 

15 

2.01 

3 

2.04 

3 

18 

2.24 

10 

2.10 

6 

22 

2.35 

9 

2.42 

6 

23 

2.10 

9 

2.13 

7 

24 

2.18 

10 

2.08 

6 

2.20 

6 

25 

2.04 

4 

2.10 

8 

2.11 

4 

27 

2.22 

6 

2.33 

6 

July     2 

2!  15 

10 

2^30 

i 

2.16 

7 

3 

2.17 

10 

1.91 

1 

2.19 

6 

4 

2.20 

8 

2.43 

4 

8 

2.20 

10 

2.31 

7 

9 

2.15 

5 

2.51 

3 

11 

2.23 

9 

2.40 

5 

13 

2.29 

10 

2.24 

9 

2.52 

6 

14 

2.23 

8 

2.28 

6 

1.99 

5 

21 


20 


30  2 
33  6 
21       4 


Z. 

Pairs 

Z. 

Stars 

1904 

II 

No. 

III 

No. 

II 

No. 

III 

No. 

May    19 
20 

2^02 
2.31 

2 
9 

2.18 

6 

2.23 

5 

2.27 

5 

21 

2.08 

7 

2.25 

10 

2.25 

7 

2'07 

7 

22 

1.98 

8 

1.66 

1 

24 

0  09 

8 

2.25 

2 

25 

2.36 

3 

27 

2.29 

10 

2'01 

16 

2^25 

7 

2^02 

7 

28 

2  24 

10 

2  24 

10 

2.20 

7 

2.11 

7 

29 

2.15 

9 

2.27 

3 

1.86 

5 

2.07 

5 

June    3 

2.27 

7 

2.27 

9 

2.36 

5 

2.25 

4 

6 

2.36 

6 

2.03 

2 

8 

2.28 

7 

2.27 

6 

2.16 

7 

2^29 

5 

10 

2.62 

6 

2.37 

10 

2.41 

7 

2.27 

7 

11 

2.13 

6 

2.53 

10 

2.24 

6 

2.36 

7 

12 

Z. 

2.22 
Pairs 

6 

Z. 

Stars 

2.29 

5 

1904 

III 

No. 

IV 

No. 

Ill 

No. 

IV 

No. 

July    15 
16 

2.06 
2.16 

6 
10 

2.33 

10 

2'!  16 
2.12 

2 

7 

2.25 

t 

17 

2.36 

0 

18 

2^25 

8 

2^11 

16 

2.31 

6 

2.26 

6 

20 

2.15 

9 

2.20 

10 

2.13 

6 

2.20 

7 

24 

2.25 

5 

2.15 

6 

2.38 

4 

2.19 

4 

29 

2,43 

9 

2.40 

9 

2  '*8 

7 

2.36 

6 

31 

2.04 

10 

2.06 

7 

2.28 

2 

Aug.     3 
4 

2.22 
2.03 

9 
6 

2.14 
2.35 

5 
6 

6 

2.06 

2 

2.32 

'9 

2*34 

6 

11 

2.32 

8 

2.33 

10 

2.48 

7 

13 

2.02 

1 

14 

2!  16 

6 

2^35 

16 

2.14 

1 

2.22 

6 

15 

2.50 

10 

2.31 

10 

2.29 

7 

2.51 

7 

18 

2.36 

10 

2.36 

10 

2.52 

5 

2.17 

7 

20 

2.21 

3 
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Z. 

Pairs 

z. 

Stars 

Z.  Pairs 

z. 

Stars 

1904 

III 

No. 

IV 

No. 

Ill 

No. 

IV 

No. 

1904 

III       No.        IV 

No. 

Ill 

No. 

IV 

No. 

Aug.   21 

2!38 

10 

2^31 

10 

2.53 

5 

2I5O 

6 

Aug. 

30 

2  28 

10 

2.22 

6 

23 

2.33 

10 

2.42 

10 

2.52 

3 

2.16 

7 

Sept. 

4 

.       2.46 

7 

2.18 

4 

24 

2.26 

10 

2^20 

10 

2.10 

5 

2.25 

7 

5 

.       2.30 

8 

2.24 

3 

25 

2.25 

9 

2.24 

10 

2.20 

5 

2.19 

7 

7 

2.28 

9 

2.33 

7 

26 

2.36 

9 

2.26 

10 

2.48 

4 

2.35 

7 

8 

.       2.14 

2 

2.05 

3 

27 

2.32 

4 

2.26 

10 

2.01 

7 

10 

2.27 

10 

2.27 

6 

28 

2.06 

9 

2.08 

9 

2.08 

4 

2.25 

7 

11 

.       2.31 

7 

2.22 

6 

29 

2.28 

10 

2.24 

6 

1904 

Sept.  26 
28 
30 

Oct.      1 


9 
10 
14 

15 
16 

17 
18 
19 
21 


24 


26 


IV 

2°28  6 

2.20  8 
2.27  9 

2.21  10 
2.27  10 
2.14  10 


Z.  Pairs 
No.  I 


2.26 

2.08 
2.31 
2.17 

2.20 
2.17 
2.25 
2.19 
2.08 
2.18 


2.20 


9 

9 

9 

10 

10 

10 

8 

(■) 

10 

9 

10 


2.19 
2.17 
2.31 
2.24 


2.10 
2.06 


10 
10 
10 
9 
10 

9 

9 

10 

8 


.24     10 


z. 

IV 

2'.27 
2.08 
2.18 
2.16 
2.13 
2.00 
2.13 
2.20 
2  22 
2.09 
2.04 
2  22 
2.00 
2.09 
2.11 
2  24 
2.05 


_'._o 
2.07 


Stars 
No.  I 


z. 

Pel. 

w 

hart 

1904 

I 

No. 

II 

No. 

I 

No 

Dec. 

13 

'. 

2^15 

7 

16 

2.10 

10 

2.22 

5 

18 

2.01 

8 

2.29 

3 

19 

2.05 

10 

2.05 

8 

21 

2.03 

10 

1.76 

8 

1005 

31 

1.98 

9 

2.. 32 

5 

Jan. 

1 

2.00 

10 

2.03 

8 

4 

2.11 

10 

1 .93 

8 

8 

2.03 

10 

15 

1.90 

10 

2.02 

8 

16 

1.92 

10 

2.22 

8 

17 

2.02 

7 

IS 

2'..36 

i 

22 

2.20 

10 

1.68 

3 

2.20 

7 

26 

1.82 

10 

1.99 

4 

1.87 

8 

28 

1.98 

10 

2.09 

10 

2.12 

7 

30 

2.02 

10 

2.00 

8 

1.94 

8 

31 

2.09 

10 

2.02 

3 

2.01 

8 

Feb. 

0 

2.01 

9 

1.94 

9 

2.12 

8 

4 

1.97 

]0 

2.11 

9 

2.11 

8 

6 

2.08 

10 

7 

1.95 

10 

2.14 

5 

1.85 

7 

10 

1.82 

10 

2.02 

10 

1.79 

8 

1.97 


15  7 

22  6 

15  5 

09  6 


Z. 

Pairs 

Z.  Stars 

1904 

IV 

No. 

I 

No. 

IV 

N'o.        I       No. 

Oct. 

27 

2"21 

10 

2*06 

10 

219 

7       2°15       7 

28 

2.23 

8 

2 

08 

10 

1.98 

7       2 

30       6 

29 

0  •!••> 

10 

0 

16 

9 

2.17 

7       2 

11       7 

30 

2.16 

10 

2 

15 

10 

2.10 

7       2 

22       7 

31 

2.12 

8 

2 

23 

7 

2.11 

6       2 

08       5 

Nov. 

3 

1.97 

9 

2.19 

5 

7 

2.18 

10 

2 

00 

10 

1.90 

6       2 

08       6 

11 

1.94 

10 

1 

93 

10 

2.05 

6       1 

96       7 

14 

2.09 

10 

2 

05 

10 

2.19 

6       1 

88       6 

15 

1.96 

10 

0 

23 

8 

2.10 

7       1 

94       6 

16 

') 

15 

10 

1 

94       7 

17 

2  23 

10 

2 

12 

10 

2.00 

7       2 

16       7 

19 

2.08 

5 

2 

07 

10 

2.15 

6       1 

96       6 

20 

1.80 

2 

21 

2.05 

10 

2 

15 

10 

23 

2.09 

9 

24 

2.18 

6 

27 

2.00 

9 

2 

10 

10 

28 

2.14 

10 

30 

2 

11 

10 

Dec. 

4 

2 

03 

9 

z. 

Tel. 

Wharton 

1905 

I 

No. 

II 

No. 

I          No.         II       No. 

Feb. 

14 

L98 

10 

°. 

2.24 

8 

15 

2.04 

10 

1.90 

9 

2.01 

8       2.05       8 

17 

2.07 

0 

18 

1.76 

10 

2'06 

10 

2.16 

8       1.94       8 

21 

2.00 

10 

2.10 

7 

23 

1.92 

8 

1.99 

10 

1.95 

3       2.06       8 

24 

1.93 

10 

2.03 

10 

1.87 

8       1.95       8 

26 

2.04 

10 

1.77 

10 

2.03 

8       2.02       8 

27 

1.97 

10 

2.25 

S 

28 

1.95 

9 

2.01 

5 

Mar. 

1 

2.01 

10 

.       1.95       8 

2 

1.90 

10 

1.92 

10 

1.92 

7       1.94       7 

3 

2.12 

7 

2.05 

4 

4 

1.93 

8 

2^03 

10 

2.02 

8       2.06       8 

6 

1.99 

10 

2.19 

8         ..        .. 

10 

1.91 

9 

2.01 

10 

2.28 

7       1.87       8 

11 

1.94 

5 

2.07 

5 

13 

2.07 

10 

2.10 

9 

2.07 

8       2.32       7 

14 

2.28 

4 

2.00 

10 

2.13 

4       2.30       8 

15 

2.10 

10 

2,01 

5 

2.09 

8       2.12       2 

16 

2.11 

10 

2.11 

3 

18 

1.95 

9 

1.96 

5 

1.90       8 
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April  16 
17 
18 
19 
22 
23 
24 
25 
30 

May   1 


12 


1905 

June  13 
14 
17 


28 
29 
30 
3 
9 
11 
12 
15 
16 
17 
18 
19 
20 
24 


July 


II 

2.07 
1.92 
2.16 
2.03 
1.97 
1.92 
2.08 
2.05 
2.11 
<>  oo 

2.06 
2.12 
2.18 
2.03 
2.18 


Z.  Tel. 
No.       Ill 


Wharton 
II        No.        Ill 


6 
10 
10 
10 
10 
10 
10 
10 
10 
10 

9 

9 
10 
10 

4 


1.9 


2.12 

2.09 
2.05 


III 

2.'l5 
2.19 
2.11 
2  22 
2.21 
2.07 
o  oo 

2.14 
2.23 
2  21 
1^98 
2.35 
2.31 
2.25 

2.19 
2.32 
2.24 


11 
9 


2.14  11 
2.18   4 


2.16   8 


Z.  Tel. 
No.    IV   No 

10    ".. 

9 
10 
11 
11 
11 

6 
11 
11 
11 
11 
11 
10 
11 


5 
11 
11 


2.02 
2.01 
2.12 

2  22 
2.17 
2.27 
2.38 
2.33 
2.31 


7 

4 

10 

10 
10 
10 
7 
10 
10 


2.13 
2.13 
2.00 
2.25 
2.07 
2  2.") 
2.25 
2.16 
2.10 
2.33 
2.37 
2.11 
2.26 
2.08 


2.39 
2.22 
2.40 
2.32 
2.20 
2  23 
2.50 
2.19 
2.27 
2.30 
2.33 
2.20 
2.24 
2^33 

2.26 
2.28 
2.41 


3 

5 

6 

9 

8 

4 

8 

9 

9 

9 

9   2 

8   2 


Wharton 
III        No.        IV      No 


z. 

Tel. 

Wharton 

1905 

11 

No. 

Ill 

No. 

II 

No. 

III 

No. 

May    18 

2.31 

o 

2!'l0 

11 

2.21 

7 

2!  18 

9 

19 

2.16 

10 

2.24 

8 

2.20 

8 

2.24 

8 

20 

2.13 

10 

2.13 

11 

2.20 

8 

2.29 

9 

22 

2.26 

7 

2.35 

3 

23 

2.07 

10 

2.23 

11 

2.16 

8 

2.26 

9 

24 

2.08 

10 

2.19 

11 

2.28 

8 

2.15 

8 

25 

2.24 

9 

2.15 

9 

2.30 

8 

2.26 

7 

27 

2.34 

o 

2.35 

1 

28 

2.28 

7 

2.16 

9 

2.35 

8 

2.32 

6 

29 

2.10 

8 

2.28 

3 

2.27 

3 

2.04 

1 

June     1 

2.05 

10 

2.23 

10 

2.27 

8 

2.33 

9 

3 

2.23 

10 

2.20 

11 

2.34 

8 

2.30 

9 

5 

2.10 

4 

1.99 

2 

8 

2.24 

7 

2.14 

11 

2.28 

8 

2.38 

8 

9 

2.18 

7 

2.17 

9 

2.28 

8 

2.23 

7 

z. 

Tel. 

Wharton 

1905 

III 

No. 

IV 

No. 

III 

No. 

IV 

No. 

July    25 

2.25 

11 

2*26 

10 

2"39 

9 

2^48 

9 

26 

2.25 

11 

2.18 

10 

2.54 

9 

2.36 

9 

27 

2.19 

11 

2.09 

10 

2.72 

7 

2.52 

7 

SO 

2.34 

3 

2.19 

4 

2.09 

3 

2.44 

6 

Aug.      2 

2  22 

11 

2.19 

4 

2.53 

9 

2.31 

9 

3 

2.26 

10 

2.26 

8 

5 

2  27 

9 

2.36 

7 

11 

2^15 

11 

2.31 

9 

15 

2.28 

4 

2.27 

2 

17 

2.26 

10 

2.31 

10 

2.31 

8 

2^32 

9 

18 

2.29 

10 

2.34 

9 

2.36 

8 

2.50 

8 

19 

2.27 

10 

2.38 

10 

2.38 

8 

2.40 

9 

21 

2.31 

10 

2.21 

10 

2.36 

5 

2.29 

7 

22 

2.21 

3 

23 

2.26 

9 

2.41 

10 

2^41 

5 

2.40 

9 

26 

2.30 

10 

2.24 

10 

2.41 

7 

2.21 

8 

27 

2.26 

3 

2  32 

6 

2.71 

5 

1905 

Aug.    28 

29 

Sept.     4 

5 

6 

8 

9 

18 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


Z.  Tel. 
IV      No.  I 


Wharton 
IV       No.        I 


2.28 
2.38 


2.21  10 

2.26  10 

2.23  10 
2.28  10 
2.44  10 
2.17  10 
2.15  10 

2.27  10 

2.22  10 
2.05  10 

2.24  10 
2.14  10 
2.22  10 
2.27  10 
2.08  10 


2.11 

1 

2.49 

8 

1.99 

3 

2.34 

9 

2.33 

6 

2.48 

9 

2.56 

16 

2  21 

9 

2.23 

10 

2.26 

10 

2.14 

10 

2.40 

10 

2.67 

10 

2.43 

10 

2.44 

9 

2.42 

10 

Oct. 


Z. 

Tel. 

Wharton 

5 

IV 

No. 

I 

No. 

IV 

No. 

I 

No. 

1 

2*18 

9 

2".  27 

8 

"  . 

4 

2.14 

10 

2.47 

9 

5 

2.16 

10 

2.35 

9 

6 

2.36 

10 

2.35 

8 

7 

2.29 

10 

2.32 

4 

2.61 

10 

8 

2.18 

10 

2.32 

4 

2.55 

10 

2.50 

4 

9 

2.22 

10 

2.26 

6 

2.69 

10 

2.39 

5 

13 

2.30 

10 

2.16 

8 

2.32 

10 

2.47 

5 

16 

2.24 

10 

2.18 

9 

2.24 

10 

2.30 

4 

17 

2.32 

10 

2.28 

10 

18 

2.31 

1 

2.56 

2 

21 

2.25 

10 

2.23 

9 

2.47 

10 

2.44 

7 

22 

2.03 

10 

2.20 

10 

2.49 

7 

2.50 

8 

23 

2.15 

9 

2.54 

10 

26 

2.39 

7 

2.48 

10 

28 

2.18 

10 

2.25 

10 

2.52 

10 

2.39 

8 

29 

2.36 

6 

2.21 

10 

2.53 

4 

2.54 

8 

30 

0  24 

10 

2.26 

10 

2.44 

10 

2.42 

7 
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z. 

Tel. 

Wliarlon 

z. 

Tel. 

Wharton 

1005 

IV 

No. 

I 

No. 

IV 

No. 

I 

No. 

1905 

IV 

No. 

I 

No. 

IV 

No. 

I       N 

Oct.    31 

2"31 

6 

'. 

2.4;5 

S 

'. 

Nov. 

14 

2^15  . 

10 

o  OJ 

10 

2'.40 

10 

2"39 

Nov.      1 

2.20 

10 

2.19 

10 

2.41 

10 

2.22 

8 

16 

2.23 

9 

2.52 

2 

2.26 

10 

2.71 

10 

17 

2.10 

10 

2!38 

10 

2.80 

3 

2^18 

9 

2.50 

8 

18 

2.19 

1 

4 

2.06 

6 

2.17 

10 

2.44 

5 

2.38 

8 

19 

2^26 

10 

2.48 

6 

2.09 

1 

2.12 

9 

2.66 

1 

2.62 

7 

20 

2^07 

10 

2.18 

10 

2.26 

10 

2.56 

8 

1.94 

o 

21 

2.06 

10 

2.20 

9 

2.30 

9 

2.38 

9 

2.30 

G 

2.16 

9 

2.36 

6 

2.52 

8 

22 

2.21 

10 

2  22 

10 

2.58 

7 

2.30 

10 

2.20 

3 

2.08 

10 

2.65 

3 

2.53 

8 

23 

2!04 

10 

2!l6 

10 

2.26 

7 

2.27 

11 

2.17 

10 

2.16 

9 

2.44 

10 

2.48 

8 

25 

2.15 

10 

2.19 

8 

12 

2.10 

10 

2.08 

10 

2.53 

9 

2.36 

8 

O'J- 

2.07 

10 

2.16 

8 

Dec.  17 
23 
24 
25 
26 
27 
30 

1 


Jan. 


Feb. 


6 

9 

10 

24 

25 

29 

30 

31 

2 

3 

4 

5 

6 


2.17 
1.88 
2  17 
1.94 
2.04 
2.14 
2.14 
2.10 
2.06 
2.07 
2.08 
2.07 
2.14 
1.97 
2.01 
1.94 
2.08 
1.99 
2.13 

1.98 
2.08 
2.02 
1.77 
1.93 


Z.  Tel. 
No.         II 

10 

1 

10 

10 

8 


10 
10 
10 

1 

10 
10 
10 
10 

9 
10 

8 
10 

6 


Wharton 
I  No. 


1.90      10 


2.07 
2.06 
2.07 

2.14 

2.17 
1.93 


10 
8 
8 


'.18 

!.14 

;.08 

'.24 
!.19 
!.39 
Ml 
>  24 
:.04 

;.04 

'.24 
1.15 

;.07 

1.20 

;.08 

'.25 
'.19 
'.04 

!  23 
'.38 
'.16 
.54 
.99 


2.10 

2!l5 

7  1.90 
2.28 

6 

8  2.23 
3 

1 

3       2.08 


Z.  Tel. 
No.        11 


Wharton 
I  No. 


Feb. 


Mar. 


10 
11 
13 
15 
16 
17 
19 
22 
23 
24 
26 
28 
1 
5 
6 
9 
10 
12 
17 
18 
20 
21 
22 
23 


2.05 
2.08 


2.0-2 
2.03 


2.04 
1.93 


2.15 
2.09 
2.05 
1.99 


2.07 
2.04 
2.06 


10 

10 


1.99  10 
1.97  10 


10 
10 


2.00  10 

2.01  10 


10 
10 


1.99  10 


10 

4 

10 

8 


2.03  10 


9 

10 

9 


2.06   8 


2.17 
2.01 

1.99 
2.00 
2.04 
2.02 
2.10 
2.09 
2.06 


2.09 
2.16 
1.99 
2.17 
2.01 
2.11 


9 
9 

10 
10 

1 
10 
10 
10 

6 


1.89  10 
2.01  10 


1.96  10 
2.08  10 


10 
o 

10 
6 

10 
8 


2.01 
2.19 
2.05 
2.09 
2.19 
2.05 
2.15 
2.15 
2.12 
2.17 
2.16 
1.98 
2.15 
2.17 
2..33 

2.10 
2.33 
2.05 
2  21 
2.12 

215 


II  No. 

"06   8 
17   7 


11   8 


May 


April  22 
24 
25 
26 
27 
28 
30 
3 
4 
8 
10 
11 
12 
15 
16 
19 
20 


Z.  Tel. 
II   No.   Ill 

1^94   2    " . 

1.90  10 
2.04  10 
1.96  10 

1.91  8 
2.10 
1.80 
1.84 
1.95 
1.95 
1.86 
2.16 
1.98 
2.07 

2.10  5 
2.16  10 
2.08  10 


Wharton 
II    No. 


10 


10 
9 
6 

10 
9 

10 


1.90  10 

2.01  4 

2.05  11 

2.03  11 


.99  11 
.94   8 


2.07  11 

2.01  10 

1.96  11 

2.05  10 


.11  11 
.11  11 


III 

No. 

>.'04 

7 

M9 

6 

i.24 

9 

i.l5 

7 

>.01 

9 

>  Ot^ 

6 

>.04 

9 

J. 22 

8 

J.24 

8 

>.19 

9 

1.26 

9 

J.  15 

9 

1906 
May  21 


24 
25 
26 
29 
30 


Z.  Tel. 
No.   Ill   No. 


June 


3 
4 
11 
12 
14 
19 
24 
25 


1.96   8 
1.94  10 


2.13 
1.99 
2.04 


10 
9 
9 


2.02  10 
2.22  4 
2.09   9 


2.00  10 


1.97 
1.96 


11 
10 


2.07  11 

2.07  10 

2.01  11 

2.09  11 

2.05  10 

2.14  11 

2.13  8 

2.01  11 

1.97  4 

2.19  11 


Wharton 
II   No. 

2^17   6 
2.11   8 
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z. 

Tel. 

Wharton 

Z.  Tel. 

Wharton 

1906 

III 

No. 

IV 

Xo. 

III 

No. 

IV 

No. 

1906 

III      No.        IV 

No.        Ill       No.       IV 

No. 

July      5 

2'!o2 

11 

l!'98 

10 

2"3.5 

7 

2^23 

7 

Aug.    17 

2  24 

7         .  . 

9 

33 

6 

6 

1.99 

11 

o 

18 

6 

2.30 

9 

9 

32 

8 

18 

2.19 

4       2.02 

2       2 

18 

3       2.44 

6 

7 

2.11 

10 

2.26 

9 

19 

2.16 

6       2.20 

8       2 

48 

7       2.50 

7 

9 

2.17 

11 

1 

99 

10 

2.27 

9 

9 

37 

10 

20 

2.35 

3 

2 

24 

1 

12 

2.03 

10 

o 

29 

10 

2.63 

2 

2 

34 

10 

22 

2.08     10 

2 

41 

7         .  . 

13 

9  09 

11 

2 

23 

10 

2.39 

8 

2 

47 

10 

23 

2  24 

8 

2 

64 

5 

14 

2.03 

10 

2.30 

9 

Sept.     5 

.       2.07 

10 

.       2.38 

9 

15 

2.12 

5 

o 

06 

9 

2.19 

1 

2 

22 

10 

6 

.       2.11 

10 

.       2.38 

10 

18 

2.16 

10 

2.47 

7 

7 

.       2.18 

8 

.       2.36 

10 

19 

2.04 

10 

2.50 

6 

2 

62 

3 

8 

.       2.30 

5 

20 

2.05 

8 

2.26 

4 

9 

.       2.14 

10 

.       2.33 

9 

21 

2.15 

11 

2.34 

9 

2 

41 

3 

10 

.       2.27 

10 

.       2.54 

10 

24 

2.37 

4 

2.31 

9 

15 

.       2.33 

9 

2.33 

9 

25 

2.24 

11 

2.40 

8 

2 

56 

9 

16 

.       2.14 

5 

.       2.23 

5 

26 

2.20 

11 

o 

22 

10 

9  42 

8 

2 

46 

10 

17 

2.24 

10 

.       2.56 

8 

28 

2.14 

5 

2.62 

2 

18 

2.23 

6 

2.28 

8 

30 

o 

12 

7 

2 

36 

4 

19 

.       2.08 

9 

2.44 

9 

Aug.      4 

2.17 

5 

2 

20 

10 

2.51 

6 

2 

36 

10 

21 

2.21 

5 

.       2.30 

2 

5 

2.26 

11 

9 

23 

9 

2.41 

9 

2 

35 

9 

23 

2.22 

10 

2.47 

8 

6 

2.26 

4 

2 

16 

6 

2.70 

3 

2 

37 

9 

24 

2.23 

10 

.       2.34 

10 

7 

2 

13 

6 

2 

29 

8 

25 

.       2.31 

10 

2.23 

10 

9 

2.23 

11 

2 

16 

3 

2.42 

9 

9 

54 

7 

Oct.       6 

.       2.13 

7 

.       2.45 

7 

11 

2.29 

10 

2 

18 

3 

2..39 

8 

7 

.       2.14 

10 

.       2.26 

8 

12 

2.23 

4 

2.56 

5 

8 

2.29 

5 

13 

2.42 

5 

2 

29 

2 

2.21 

3 

2 

42 

6 

11 

2  21 

10 

.       2.33 

10 

14 

2.18 

11 

2 

23 

10 

2.41 

9 

2 

38 

9 

12 

.       2.29 

10 

2.23 

9 

15 

2.10 

8 

2 

14 

8 

2 

50 

9 

Z. 

Tel. 

Wharton 

1906 

IV 

No. 

I 

No. 

IV 

No. 

Oct.     13 

2'.30 

10 

2".26 

8 

2"38 

10       '. 

14 

2.14 

10 

2.13 

7 

2.30 

10       '. 

15 

2.41 

1 

16 

2.31 

4 

2^39 

6 

23 

2.08 

6 

2.40 

5 

25 

2.23 

10 

2.27 

10 

2.49 

10      : 

26 

2.25 

10 

2.46 

10 

27 

2.34 

9 

28 

2.13 

9 

29 

2.21 

9 

2.20 

10 

2^55 

10       . 

30 

2.39 

5 

2.42 

8 

31 

2.34 

10 

Nov.      1 

2.26 

10 

2.25 

10 

2.33 

10 

2 

2.15 

10 

2.36 

10 

2.48 

10 

3 

2.08 

6 

2.21 

10 

2.36 

9 

4 

2.40 

10 

2.25 

10 

2.34 

10 

5 

2.35 

3 

2.23 

10 

2.40 

2 

Weighted  Mean  Date     Pairs 

No. 

Z.  Slar.s 

No. 

1904  Jan.   16 

9 

071 

50 

l".966 

32 

29 

9 

044 

128 

1.968 

88 

Feb    16 

9 

141 

174 

1.994 

107 

Mar.  12 

9 

1 52 

136 

1.971 

93 

Apr.  14 

2 

164 

59 

2.063 

39 

May  10 

2.204 

166 

2.1  (;3 

111 

June    3 

9 

264 

144 

2.203 

96 

I 

2  21 
27 
36 


1906 
Nov.   6 


13 

14 
16 
22 
23 
24 
25 
26 
28 
29 
1 


Dec. 


IV 

2^25 
2.17 
2.25 

2.37 
2.18 
2.15 
2.20 
2.21 
2.24 


z. 

No. 

10 

10 

9 

9 
10 
10 

9 

10 
10 


2.15 

2.18 

31 

18 

32 

29 


2.20   4 
2.26  10 


2.23   9 


202 


49 


39°  58' + 

1       Weir'hted  Mean  Date  Pairs 

1904  July    6  2.204 

28  2.231 

Aug.  22  2.292 

Sept.    5  2.296 

Oct.     4  2.208 

19  2.202 

Nov.    4  2.099 

21  2.106 


No. 

10 
10 
10 


10 
6 


10 
10 


10 


Wharton 
IV       No. 


14     10 

25     10 


39 


154 
120 

189 
63 
71 
179 
179 
121 

1982 


2.41 
2.36 
2.41 

2.48 
2.40 
2.30 
2.36 

9  27 

2.42 
2.46 
2.39 
2.26 


10 
10 
10 

10 
10 
8 
8 
8 
8 
2 

6 


2.35       6 


.250. 
.270 

.284 
939 

M45 

'.124 
.088 
;.048 


I 

2.41 


2.49 
2.44 


2.45 
2.19 


2.40 

2.44 
2.42 
2.46 

2.62 


No.      Z.  Stars       No. 


116 

81 

108 

41 

53 

114 

121 

S3 

1259 
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^  =  39°  58' 

+ 

Z.  Tel. 

No. 

Wharton 

No. 

W-T 

1904  Dec.  31 

2^021 

104 

2.069 

69 

+  048 

1905  Feb.     1 

2.004 

160 

2.044 

116 

040 

21 

1.960 

148 

2.043 

103 

083 

Mar.  10 

2.012 

151 

2.084 

110 

072 

Apr.  21 

2.018 

76 

2.159 

55 

+  141 

May     9 

2.126 

156 

2.226 

124 

+  100 

30 

2.174 

175 

2.280 

137 

106 

June  24 

2.162 

68 

2.315 

42 

153 

July  13 

o  202 

149 

2.295 

125 

093 

27 

2.229 

136 

2.412 

122 

+  183 

Aug.  20 

2.289 

142 

2.356 

110 

+  067 

Sept.  13 

2.258 

104 

2.341 

75 

083 

30 

2.186 

99 

2.395 

93 

209 

Oct.  15 

2.224 

140 

2.451 

122 

227 

Nov.    2 

2.214 

164 

2.472 

147 

+  258 

Nov.  18 

2.154 

187 

2  .382 

161 

+  228 

1905  Dec.  26 

2.098 

61 

2J83 

49 

085 

1906  Jan.  12 

2.063 

60 

2.151 

49 

088 

Feb.     5 

2.032 

160 

2.158 

124 

126 

21 

2.018 

171 

2.127 

130 

+  109 

Mar.  15 

2.040 

140 

2.160 

101 

+  114 

May    4 

1.994 

210 

2.144 

175 

150 

26 

2.045 

195 

2.220 

152 

175 

June  16 

2.100 

45 

2.278 

32 

178 

July  12 

2.100 

162 

2.345 

129 

+  245 

Aug.    8 

2.198 

233 

2.420 

209 

+  ''22 

Sept.  11 

2.195 

78 

2.385 

83 

190 

Oct.     1 

2.210 

81 

2.338 

78 

128 

24 

2.235 

119 

2.384 

114 

149 

Nov.    6 

2.249 

165 

2.409 

153 

160 

25 

2.231 

146 

2.. 383 

126 

+  152 

4185 

3415 

lotal,   . 

.    .    .  10841 

For  the  Constant  of  Aberration  we  find : 
Zenith  Telescope 

1904  2o'!545      ±008  Zenith  Stars      20.544     ±012 

1905  20.492      ±008  AVharton  20.450     ±010 

1906  20.514     ±008  "  20.473     ±010 

The  probable  error  of  a  single  determination  of  latitude 
is  found  to  be  as  follovrs  : 


Latitude  Pairs 

1904  ±0.112 

1905  ±  .116 

1906  ±0.120 


Zenith  Staks 
Zenith  Telescope 

1904  ±0".133 
Wharton  Instrument 

1905  ±0".135 

1906  ±0.132 


It  is  doubtful  whether  the  first  year's  results  from  the 
Wharton  Instrument  are  entitled  to  very  much  confidence. 
Various  sources  of  annoyance  were  more  or  less  in  evi- 
dence, particularly  during  the  early  part  of  the  year.  The 
most  troublesome  were  as  follows  : 

(a)  Unsatisfactory  illumination.  It  is  necessary  to 
adjust  the  small  mirror  which  reflects  the  light  into  the 
field  every  evening.  The  result  is  a  different  effect  from 
one  evening  to  another.  Experience  has  overcome  this 
difficulty  in  part.  It  is  proposed  to  try  a  different  plan, 
which  it  is  hoped  may  be  more  satisfactory. 

(Ij)  Difficulty  in  keeping  the  instrument  in  focus.  This 
trouble  has  practically  disappeared  as  the  instrumental 
peculiarities  became  better  understood. 

((■)  A  source  of  much  annoyance,  particularly  on  humid 
nights,  is  the  condensation  of  moisture  on  the  various 
optical  surfaces.  The  under  side  of  the  reflecting  prism 
in  front  of  the  objective  has  been  very  troublesome,  as  it 
can  not  be  reached  for  the  purpose  of  removing  the  mois- 
ture. Mr.  Brashear  has  suggested  a  means  of  overcoming 
this  difficulty,  which  it  is  proposed  to  try. 

One  of  the  questions  on  which  it  was  hoped  that  some 
light  might  be  thrown  by  this  investigation,  relates  to 
apparent  fluctuations  of  a  systematic  character  which 
occasionally  effect  the  work  of  a  whole  evening.  The 
agreement  or  disagreement  of  the  result  given  by  both  in- 
struments should  show  whether  or  not  these  changes  from 
day  to  day  are  real. 

A  comparison  of  residuals,  found  by  subtracting  the  daily 
latitudes  from  the  mean  values  given  above,  resulted  as 
follows.  Values  from  less  than  four  observations  are  ex- 
cluded. 

There  are  409  cases  available  for  comparison. 

No.  of  cases  where  one  residual  or  the  other  is  zero,         51 


Like  signs  for  both  series, 

182 

Unlike, 

176 

Both  residuals  greater  than  0".20 

like  signs. 

1 

unlike,       0 

Between  0.20  and  0.10 

14 

8 

.10            .05 

66 

59 

.05            .01 

101 

109 

The  large  residuals  seem  to  show  systematic  deviations 
to  a  limited  extent.     No  such  evidence,  however,  is  shown 
by  those  smaller  than  0".05. 
1906  April  16. 


ELEMENTS   AND  EPIIEMEEIS   OF   COMET  c  1907  (giacobini,  June  i). 

(From  A.y.  4183.) 

Ephemeris  for  Berlin  Midnight,  by  M.  Ebell. 

e 

July 


Elements  by  Dr.  E.  Stromgren. 
T  =   1907  May  31.2079  Berlin 

=     39°  35.12  ) 


Q,  =   160  52.25  ^1907.0 
J  =     14  50.98  ) 


q  =  0.0942 


7 

a 

8 

log  A 

Br. 

h        ni       s 

29 

12  17  18 

+  17  31.2 

0.0115 

0.80 

3 

12  34  20 

16     5.0 

0.0194 

0.74 

7 

12  51     1 

14  34.2 

0.0286 

0.69 

11 

13     7  15 

+  13     0.2 

0.0391 

0.63 

160 
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OBSERVATIONS   OF   COMETS   AND   MINOR   PLANETS, 


MADE    WITH 

THE    12-IXCH 

EQUATORIAL 

OF   THE    VASSAR   COLLEGE   OB.SERV.\TORT 

By  mart  W.  WHITNEY  and  CAROLINE  E.  FURNESS. 

1906  Greenwich  M.T. 

* 

Comp. 

Ja 

Jh 

App.  a 

App.  8 

log  J)A 

Red.  to  App.  PI. 

Comet  b  1906. 

Apr.  13 

h       m 

15  53 

8 

1 

*11,11 

+  0     7.20 

+  5  37.8 

11  21     7.76 

+   2  28  52.5 

9.073 

0.746 

+  1.12  -    8.8' 

16 

13  54 

40 

1 

*12,10 

—  0  20.70 

+  6  12.7 

11  20  39.84 

+   2  29  27.4 

n8.929 

0.746 

+  1.10  -   8.8' 

17 

15  50 

24 

1 

10  ,  8 

-0  29.62 

+  6  19.8 

11  20  30.91 

+   2  29  34.6 

9.156 

0.746 

+  1.09  -   8.7' 

18 

15     4 

23 

1 

10  ,  10 

-0  36.12 

+  6  17.7 

11  20  24.41 

+   2  29  32.6 

8.810     0.745 

+  1.09  -   8.6^ 

(65)    Ci/hele. 

Apr.  27 
28 

15     3 

49 

9 

10,10     -0  47.75 

+  6  14.8     15     3  57.36     -12  30  54.3  n9.452     0.834     +1.58  -   1.9=^ 

15     4 

47 

3 

10  ,8       +1  49.96 

+  5  24.9     15     3  15.96     -12  27  11.2  «9.438     0.836     +1.60  -  2.1' 

(42)  Isis. 

Sept.  14 
15 

16     1 

44 

4 

10,  10     -0  31.43 

+  3  40.1 

23  30  33.18 

-22     5  47.6 

M9.026 

0.895 

+  2.59  +17.2' 

14  34 

2 

4 

10,10     -1   18.56 

+  0  20.7 

23  29  46.06 

-22     9     7.1 

n9.422 

0.875 

+  2.60  +17.1- 

25 

13  41 

34 

5 

*10,10     -0  14.88 

+  9  15.2 

23  21  54.00 

-22  25  47.7 

W9.438 

0.874 

+  2.63  +16.0' 

27 

13  53 

6 

6 

10,8       +0  46.11 

+  4  32.5 

23  20  30.04 

-22  25     0.7 

M9.375 

0.881 

+  2.63  +15.8' 

(47)  Aglaia. 

Oct.     8 

14  49 

^4 

7 

10,8       -0  47.40 

-3  28.3       0  48  12.47     +   6  42  40.3  w9.301     0.710     +2.80  +16.2^ 

16 

13  26 

52 

8 

10,10     +0  41.11 

-1  27.9       0  41  31.91     +   6  15  57.8  n9.238     0.712     +2.81  +16.8^ 
Comet  tj  1906  (Thiele) 

Nov.  1 16 

22  34 

8 

9 

-,4 

+  4  39.8 

+  20  17  45.9 

.    .    1  0.506  1  +1.80  -15.0'! 

16 

22  47 

19 

9 

*  3,- 

+0  16.10 

9  44  57.96 

w8.351 

+  1.80  -15.0' 

22 

20     7 

3 

10 

15  ,  10 

+  0  42.38 

-3  47.7 

10  16  52.99 

+  28  24  28.4 

n9.550 

0.466 

+  1.77  -19.2' 

24 

19  38 

36 

11 

10,10 

+  0  55.66 

-2  59.4 

10  28  49.43 

+  31  11  12.6 

w9.615 

0.470 

+  1.73  -20.4' 

26 

21  13 

49 

12 

*12,12 

+  0  23.94 

+  0  45.9 

10  41  58.52 

+  34     3  39.7 

w.9.432 

0.219 

+  1.67  -21.6' 

Observ 

iT,  1  Mary  W. 

Whitney. 

Observer,  ^Ci 

LKOLINE   E.    FURNESS. 

Mean  Places 

of  Comparison- Stars  for  the  heginning  of  the 

year. 

* 

a 

s 

Authority 

* 

a 

s 

Authority 

1 
2 
3 
4 
5 
6 

11  20  59.44 
15     4  43.53 
15     1  24.40 
23  31     2.02 
23  22     6.25 
23  19  41.30 

+   2  23  23.5 
-12  37     7.2 
-12  32  34.0 
-22     9  44.9 
-22  35  18.9 
-22  29  49.0 

Albany,  A.G.  4271 
Paris  1875,  18742 
Radcliffe  1890,  3903 
Cincinnati  1890,  1955 
Oe.  Arg.  17945 
Arg.  Gen.  31711 

7 

8 

9 

10 

11 

12 

0  48  57.07 

0  40  47.99 

9  44  40.06 

10  16     8.84 

10  27  52.04 

10  41  32.91 

+   6  45  52.4 

+   6  17     8.9 
+  20  13  21.1 
+  28  28  35.3 
+  31  14  32.4 
+  34     3  15.4 

Leipzig  II,  A.G.  306 
Leipzig  II,  A.G.  249 
Berlin  B,  A.G.  3853 
Camb.(Eng.),A.G.  5314 
Leiden,  A.G.  4217 
Leiden,  A.G.  4275 

Ja  observed  directly. 


t  Daylight  prevented  completion  of  observation. 


COMET 

Various  telegraphic  dispatches,  received  from  Harvard 
College  Observatory,  communicate  the  information  given 
below.  The  comet  was  fonnd  on  June  9,  at  Princeton,  by 
Mr.  Zaccheus  Daxiel,  who  obtained  the  approximate  po- 
sition on  that  date  given  below. 


June    9.804 
13.9679 
14.8206 
14.9679 
15.8236 


23  48  33 

23  59  44.4 

0  2  10.0 

0  2  35.2 

0  5     4.3 


-18- 
-0  10  16 
+  0  1  43 
+  0  3  48 
+  0  16  27 


Daniel 

Aitken 

Hammond 

Aitken 

Hammond 


d  1907. 

Dr.  R.  T.  Crawford  communicated  elements  computed 
by  EiNARSOx  and  Glancv,  Students'  Observatory,  at 
Berkeley,  California,  from  observations  on  June  13,  15 
and  19,  as  follows  : 

T  =  1907  Sept.  3.76  Gr. 

o,  =  294°  47' 
S  =  143     2 
(■=99  q  =  0.506. 

The  portion  of  the  despatch  giving  ephemeris  from  these 
elements  was  indecipherable,  and  is  omitted. 
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DEFINITIVE   ORBIT   OF   THE 

By  henry  a.  peck 
In  1796,  while  Olbers  was  testing  tlie  Hoffmann  Comet 
Finder,  which  lie  subsequently  used  for  a  series  of  years  in 
time  determinations,  he  discovered  a  small  nebulous  mass 
one  minute  in  diameter,  and  decided  it  to  be  a  comet.  He 
made  a  series  of  measures  with  the  five-foot  DoUand  tele- 
scope, extending  from  March  31  to  April  14  inclusive, 
when  the  comet  became  too  faiut  to  measure  in  the  bright 
moonlight.  On  the  twenty-third  of  the  month  he  sought 
it  again,  but  was  unable  to  find  it.  This  was  the  second 
comet  of  that  long  series  that  Olbers  observed.  He  re- 
duced his  observations,  and  published  the  apparent  position 
in  Bode's  Jahrbuch  for  1799,  neglecting  to  preserve  the 
original  observations  except  in  one  instance.  He  records 
that  April  first  8'^  55"'  true  time,  the  comet  occulted  a 
seventh  magnitude  star  that  follows  53  Virgo  to  the  south. 
There  is  no  star  so  bright  as  the  seventh  magnitude  that 
answers  Olbees's  description.  There  can  be  no  doubt,  how- 
ever, that  B.D.  —15.3621  is  the  star  in  question.  I  have 
only  been  able  to  find  two  records  of  this  object,  one  by 
Argelander,  and  the  other  is  the  mean  of  three  obser- 
vations in  the  Washington  Zones.  The  mean  position 
adopted,  referred  to  the  equinox  and  ecliptic  of  1796,  is 


COMET   OF   1796, 


=  13" 


18» 


8  =  -15°  28' 6" 


Aside  from  this  one  observation,  there  are  no  means 
at  present  to  correct  the  jiositions  as  given  in  the  Jahr- 
Inicli. 

The  next  day  Olbers  sent  word  of  his  discovery  to 
ScHROETER,  at  Lilicnthal,  and  Schroeter  observed  the  comet 
on  the  2d,  4th,  5th,  7th,  9th  and  the  11th  of  April.  In  gen- 
eral his  observations  are  differences  in  right-ascension  with 
reference  to  8  and  y  Corvi,  and  31,  ^  and  /3  Croteris.  The 
first  two  and  last  are  well  known  time  stars  whose  positions 
have  been  taken  from  the  Jalirbuch  list.  The  positions  of 
31  and  qp  Crateris  were  kindly  furnished  me  by  the  Dudley 
Observatory  at  Albany,  from  their  forthcoming  fundamen- 
tal catalog.  I  have  been  unable  to  use  either  of  Schroeter's 
observations  made  upon  the  4th,  and  his  right-ascension 
of  the  9th  is  a  half  degree  in  error.  With  one  exception, 
his  declinations  have  been  neglected,  as  for  the  most  part 
they  are  only  approximations. 

As  a  basis  for  the  ephemeris  the  following  positions  of 
the  Sun  were  computed  from  Newcomb's  Tables  of  the 
Sun. 


Equat 

ion  of 

timetobesub- 

True 

Longitude 

Logfl 

Latitude 

Sid.  Time 

X 

Y 

Z 

traded  from 

March  29 

9° 

3l'  28"8 

9.999871 

+  0.42 

h 

0  30 

23.1 

+  0.985920 

+  0.151742 

+  0.065872 

app. 

time 

30 

10 

30  37.2 

0.000000 

.31 

34 

19.6 

.983218 

.167327 

.072636 

31 

11 

29  43.8 

128 

.20 

38 

16.2 

.980226 

.182864 

.079380 

April   1 

12 

28  48.7 

256 

+  0.08 

42 

12.8 

.976947 

.198348 

.086101 

2 

13 

27  51.8 

384 

-0.04 

46 

9.4 

.973375 

.213775 

.092798 

3 

22 

3 

14 

26  .53.0 

511 

.15 

50 

5.9 

.969514 

.229139 

.099467 

4 

4 

15 

25  .52.4 

639 

.24 

54 

2.3 

.965370 

.2444.36 

.106107 

2 

47 

5 

16 

24  50.1 

765 

.30 

0  57 

58.9 

.960937 

.259662 

.112717 

30 

6 

17 

23  45.8 

891 

.35 

1  1 

55.4 

.956220 

.274815 

.119292 

12 

7 

18 

22  39.6 

1016 

.36 

5 

52.0 

.951220 

.289886 

.125834 

1 

54 

8 

19 

21  31.4 

1139 

.35 

9 

48.5 

.945938 

.304871 

.1.32338 

38 

9 

20 

20  21.2 

1262 

.29 

13 

45.1 

.940380 

.319763 

.138805 

21 

10 

21 

19  8.9 

1383 

.22 

17 

41.7 

.934542 

.334561 

.14.5229 

4 

11 

OQ 

17  54.5 

1503 

-o!ii 

21 

38.2 

.928428 

.349260 

.151611 

0 

48 

12 

23 

16  37.9 

1623 

+  0.01 

25 

34.8 

.922043 

.363857 

.157947 

13 

24 

15  19.0 

1742 

.16 

29 

31.3 

.915390 

.378345 

.164237 

14 

25 

13  57.8 

1860 

.31 

33 

27.4 

.908461 

.392720 

.170478 

15 

26 

12  34.6 

1977 

.46 

37 

24.4 

.901276 

.406981 

.176669 

16 

27 

11  8.9 

0.002094 

+  0.57 

1  41 

21.0 

+  0.893828 

+  0.421119 

+  0.182808 

The  mean  va 

ue  of  the 

obliquity  of 

the  eclir 

tic  is  2 

3°  27' 

56".9. 

(101) 
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The  constants  for  the  reduction  from  mean  to  apparent  position  are 
/  G  log;/  H 


log  h 


March  29 

-4.33 

134 

5 

0.4293 

259 

38 

1.2748 

-8.03 

30 

.24 

133 

29 

.4249 

258 

34 

50 

8.01 

31 

.17 

132 

51 

.4204 

257 

30 

53 

7.98 

April   1 

4.08 

13 

.4185 

256 

26 

66 

.95 

2 

3.98 

131 

42 

.4125 

255 

22 

59 

.92 

3 

.90 

9 

.4080 

254 

18 

62 

.88 

4 

.81 

130 

21 

.4036 

253 

15 

65 

.85 

5 

.73 

129 

50 

.4003 

252 

11 

69 

.81 

6 

.64 

« 

18 

.3970 

251 

8 

73 

.77 

7 

.55 

128 

24 

.3915 

250 

4 

77 

.73 

8 

.46 

127 

32 

.3885 

249 

1 

81 

.68 

9 

.37 

126 

38 

.3856 

247 

58 

86 

.63 

10 

.27 

125 

52 

.3813 

246 

56 

90 

.58 

11 

.17 

18 

.3782 

245 

53 

95 

.53 

12 

3.09 

124 

30 

.3740 

244 

50 

1.2800 

.48 

13 

2.99 

123 

33 

.3714 

243 

48 

05 

.42 

14 

.89 

122 

16 

.3696 

242 

40 

10 

.36 

15 

.80 

121 

26 

.3656 

241 

44 

15 

.30 

IG 

-2.71 

120 

oo 

0.3608 

240 

42 

1.2851 

-7.24 

Mar. 


Apr. 


As  a  preliiiiinaiy,  new    elements   were  computed   from 
approximate  normal  places  as  follows  : 

r  =  April  2.77367  G.M.T. 

u,  =  184°  17     7') 
Q,  =     17     2  43  U796.O 
i  =  115     9  23  ) 

log  q  =  +0.198611 

Equatorial  Coordinates. 
X  =  [9.984149]  r  sin  (266°  51' 35 +  ?0 
ij  =   [9.892623]  V  sin  (344     8  45  +  !>) 
z  =  [9.831605]  r  sin  (194  11  24  +  t;) 

and  from  which  we  have  the  following  ephemeris : 

The  comparison  of  the  observations  with  the  ephemeris  is 


29  205 

30  202 

31  199 

1  196 

2  193 

3  190 

4  187 

5  184 

6  181 

7  178 

8  175 

9  172 

10  170 

11  167 

12  164 

13  162 

14  160 

15  158 


"  41  19" 
49  40 
53  6 
52  35 
49  12 
44  11 
38  46 
34  16 

31  55 

32  54 
38  14 
48  51 

5  33 
28  46 
58  52 
36  12 
20  52 
12  47 


8  app. 


26 
29 
11 


■  13  2 
47 

14  31 

15  13  2 
52  33 

16  29  21 

17  3  3 
33  23 

18  0  13 
23  27 
43  13 
59  35 

19  12  45 
22  58 
30  31 
35  41 
38  46 

-19  40  4 


log  r 

0.1990 
88 
87 
87 
86 
86 
86 
87 
88 
89 
91 
92 
96 
0.1997 
0.2000 
3 

0.2010 


Date 

March  31.49669 
April  1.34112 
1.42485 
1.45086 
1.48733 
3.40670 
4.38513 


Observer 

Olbers 

Olbers 

Olbers 

Schroeter 

Schroeter 

Olbers 

Olbers 


o  app. 

198°  25  46" 

195  49  52 

35     9 

30  22 

22  22 

189  29  45 

186  2C  22 


0 


_2 


as  follows  : 
8  app. 

-14°  6 1'  59" 

15  28     0 

31  57 


16  42  55 

17  14  42 


+  14 

+  13 

14 


14 
14 


Ja  cos  8 

+  111" 

-  31 
+  9 
+  8 

-  70 
+  55 

-  73 


Ab.time 
units 
log  A    5  places 


9.7799 
7749 
7711 
7686 
7675 
7675 
7690 
7718 
7759 
7810 
7874 
7947 
8028 
8118 
8214 
8316 
8422 

9.8532 


J8 


348 
344 
341 
339 
338 
338 
339 
341 
344 
348 
354 
360 
366 
374 
382 
392 
401 
412 


+  29 

-  69 

-  96 


+  155 
+  40 


5.38952 

Olbers 

183  23  68 

-3 

42  7 

14 

+  58 

+  143 

5.42291 

Schroeter 

25  15 

-3 

+  44 

7.40937 

Olbers 

177  19  12 

3 

18  34  25 

14 

-  91 

-129 

7.49458 

Schroeter 

7  29 

3 

-  84 

9.33558 

Olbers 

171  52  53 

3 

19  6  19 

13 

-  36 

-106 

9.41639 

Schroeter 

19  7  47 

14 

-126 

11.43379 
12.37656 
14.34819 


Schroeter 

Olbeis 

Olbers 


166  23  4 
164  1  40 
159  36  54 


34  23 
■19  37  22 


+    10 
-149 

+   82 


-   88 
+  134 


N"-  596 


THE     ASTRONOMICAL     JOURNAL. 


163 


From  this  comparison  arises  the  following  table  of  Normal  Places : 

Wt. 


April    2.0     z/«cosS  =  +   1.3 

7 

M  = 

+  13.8      5 

7.0                         -21.8 

5 

-54.5      4 

13.0                         -19.0 

3 

+  23.0      2 

The  ScHONFELD  equations 

are 

-0.3020 

Ik 

+  0.0046/^72  32'  -8.5314  9? 

+  0.2585  3 A 

-8.2663  9,/  = 

=    +   1.3 

.3043 

0.0036                  +9.6351 

0.2142 

+  8.9238 

-21.8 

.2475 

9.9316                      9.8995 

+  0.0792 

9.1787 

-19.0 

.2562 

9.9592                      9.2851 

-0.2983 

+  8.3061 

+  13.8 

.2086 

9.9088                      9.4284 

.3180 

-9.0276 

-54.5 

-0.1017 

+  9.7972                  +9.3829 

-0.2889 

-9.3884 

+  23.0 

now  we  let 

.r   =   0.3043  9/i;              y 
z    =  9.8995%             u 

=  0.0046  A  V 
=   0.3180  ,M 

IDT 

IV  =  9.3884  <?v 

and  pass  from  logarithms  to  units  of  the  third  place  of  decimals  we  have  the  homogeneous  equations 

Wt. 


-  995  a-   +1000v 

-     43  s   +   872  » 

-     75 

V 

=    +   1.3 

7 

1000           998 

+   544           787 

+   343 

-21.8 

5 

877            845 

1000     +   577 

617 

-19.0 

3 

895           901 

243     -   956 

+     83 

+  13.8 

5 

802            802 

338         1000 

-   436 

-54.5 

4 

-   627      +   623 

+   304     -  935 

-1000 

+  23.0 

2 

The  weighted  normal  equations  are 

+  21.60a-  -7.60 .«  -   2.87  ?<   -0.53  »•  = 

+ 

234'  +21.56  y 

-   7.60      +5, 

43     +   0.53      +1. 

71 

— 

159   -   7.51 

-   2.87     +0. 

53     +19.73      +4. 

-8 

— 

2    ^   2.81 

-  0.53      +1. 

71     +   4.78      +4.57 

— 

19   -  0.48 

and  after  solving  and  again  substituting,  the  final  values  of 
the  unknown  quantities  are 


dk  =  -  0.17 
dq  =  -40.68 
9\  =  -  0.06 
dv  =  +32.74 


+  0.4949  ;cV2  3  2' 
+  0.0339 
+  0.0001 
+  0.0055 


The  indetermination  with  regard  to  x  and  y,  and  there- 
fore with  regard  to  the  time  of  perihelion  passage  and  the 
longitude  of  the  perihelion,  arises  from  the  short  arc 
described  during  the  time  of  observation,  and  also  from 
the  fact  that  the  observations  were  made  in  the  immediate 
neighborhood  of  the  perihelion.  If  the  values  already  ob- 
tained are  substituted  in  the  original  equations  we  have 

+ 


1.3   = 

=    +0.023  A- V2  97 

6.4 

26 

8.7 

08 

19.5 

24 

41.1 

20 

+39.5 


+  0.011 


These  equations  apparently  result  in  k-~JidT  =  — 40".4, 
but  how  valueless  this  is  may  be  seen  from  the  fact  that 
[pvv'\  formerly  equalled  12285,  and  now  is  12269.  It  is 
evident,  therefore,  that  within  certain  limits  the  ratio  be- 
tween dk  and  91"  must  remain  unknown. 

Syracuse  University,   1907  May  15. 


The  changes  in  the  elements  result  in  the  following  most 
probable  system  : 

T  =   April  2.77367  G.M.T. 

(u  =  184°17'    5."4+ [9.6944]A;V2  92') 
S2    =     17     2  39.6  -  [6.4689]  V- 1796.0 

i  =  115     8  50.4  -  [7.7433]  ) 

logy   =  0.198557        -  [2.6551] 

where  k-^dl'  is  to  be  expressed  in  seconds  of  arc. 

In  order  to  test  the  accuracy  of  the  numerical  work 
k^2dT  maj  be  assumed  to  equal  zero,  and  a  comparison 
made  between  the  residuals  arising  from  the  differential 
equations  and  those  obtained  directly  from  the  elements. 
The  results  are  • 


Equations 

+  l".3 
-6.4 
+  9.4 


Elements 

+  l"2 
-  5.4 
+  11.0 


Equations 

+  19"5 
-41.1 
+  39.5 


Elements 

+  19"8 
-40.7 
+  39.0 


In  investigating  the  increasing  difference  between  the 
right-ascension  residuals,  it  was  found  that  9A  had  been 
used  as  — 0".6  instead  of  — 0".06;  but  as  this  can  not  affect 
any  of  the  elements  by  a  second  of  arc,  it  was  not  thought 
necessary  to  make  a  correction  on  this  account. 
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OBSERVATION'S    OF   THE    SATELLITE  OF   NEPTUNE  AT   THE   OPPOSITIOIS^ 

OF  1906-7, 

By  E.  E.  BARNARD. 
The  season  has  been  unusually  bad  for  observations,  and     notes  for  the  relative  visibility  of  this  object  at  various 


the  satellite  has  often  been  very  difficult.  Under  fair  con- 
ditions, however,  it  is  an  easy  object  with  the  great  tele- 
scope. At  times  it  has  been  so  bright  that  I  have  thought 
it  might  be  variable.     It  might  be  well  to  examine  the 


position-angles.     On  account  of   the  increasing  apparent 
eccentricity  of  the  orbit,  the  satellite  will  also  become  more 
and  more  difHcult  in  certain  positions. 
The  measures  follow  : 


Measures  of  the  Satellites. 


1906-7 

Central 
Stand.  Time 

P.A. 

Dist. 

Obs. 

Oct..    30 

15  56  26 

16  0  10 
16     3  29 

251.52 

14.81 
14.98 

5 
4 
4 

Nov.   13 

13  15     0 
13  22  17 
13  28  35 

104.10 

16.73 
16.67 

6 
4 
4 

Dec.    18 

15     5  35 

112.89 

5 

Ques.  if  the  satel. 
Excess,  difficult, 
aud  poor  seeing. 


Satellite  bright. 
15     8  50         .    .       15.85     4 

15  10  55         .    .       16.16     4 

Dec.    22     16     3  35     244.25        .    .       6     Very  faint. 

16  8  41  .    .      14.73     4     Excessively  bad. 
16  12     0         .    .       14.66     4     seeing. 


Jan. 


Feb. 


Feb. 


Feb. 


Feb. 


8 

10 

45  44 

10 

49  14 

10 

51  52 

5 

9 

23  43 

9 

29     5 

9 

32  46 

10 

12 

54  17 

12 

59     7 

13 

1  56 

12 

12 

31  37 

12 

35  38 

12 

38  44 

17 

10 

53  42 

10 

57  55 

U 

0  26 

282.20 


19.87 


69.21 


288.51 


351.42 


16.48 
16.36 


11.20 
11.34 


15.28 
14.97 


15.70 
15.81 


11.05 
10.94 


Seeing  excessive- 
ly bad. 


Quite  bright. 
Seeing  very  bad. 


Seeing  very  bad. 
Satellite  faint. 


Difficult.  Seeing 
very  poor. 


1907 
Mar. 


Mar. 


Central 
Stand.  Time 


P.A. 


Dist.     Obs. 


3     12     2  14     226.59        .    .      5     Seeing  good. 
12     6  40  .    .       12.86     4 

12  10     2  .    .       12.92     4 


10 
10 
10 


1  33 
4  55 

7   17 


96.44 


16.45 
16.60 


Mar.    10 


Mar.    26 


April    2 


April  14 


April  23 


8 

6 

2'/ 

8 

11 

15 

8 

15 

22 

8 

27 

38 

8 

32 

4 

8 

34 

40 

April    9       8  34  44     109.90 


8  17  30 
8  21  37 
8  23  55 

7  39  6 
7  42  53 
7  45  41 


166.35 


332.65 


Bright  and  easy. 


11     6  48     136.50  .    .  6 

11  11     6         .    .  12.75  4 

11   13  29         .    .  12.84  4 

261.14 


188.21 


7 

Very  difficult. 

15.67 

4 

Nearly  full  moon 

16.20 

4 

See'g  excess. bad. 

6 

Very  faint.    Sky 

10.84 

5 

very  thick. 

10.88 

4 

7 

Lostincloudsbe- 
fore  dist. could  be 
measured. 

6 

Faint.   14«.2. 

11.11 

4 

11.15 

4 

5 

Satellite  easy 

11.49 

4 

11.50 

4 

Measures  of  Neptune  and  a  Star. 


Central 
1907        Stand.  Time 

P.A. 

Dist.     Obs. 

1907 

Central 
Stand.  Time 

P.A.           Dist. 

Obs. 

Feb.    10     13"  5""42' 
13  10     5 
13  12  53 

349^94 

5     8"  Star. 

58.48  4 

58.49  4 

Feb.     12 

12''46"58 
12  51  32 
12  54  54 

7L22        ."   . 
.    .     133.67 
.    .    134.51 

5     The  same  star 
4     as  on  Feb.  10. 
4 

Terkes  Observatory 

William 

<  Bay,    Wis.,  1907  June'i. 
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DEFINITIVE   ORBIT   OF   COMET  1822  III, 

By  henry  a.  peck. 


The  third  comet  of  1822  was  discovered  by  Pons  May 
31.  On  account  of  lack  of  instrumental  equipment,  how- 
ever, he  was  unable  to  obtain  proper  observations.  The 
position  was  first  measured  by  Caturegli,  at  Bologna,  on 
June  8,  and  his  observations  during  the  next  four  days, 
together  with  two  by  Gambart,  at  Marseilles,  are  the  only 
known  European  observations.  From  this  insufficient  data 
von  Heiligenstein  published  two  orbits  in  the  fourth  volume 
of  the  Astronomische  Nachrlchten.  On  June  18,  Lieutenant 
William  Robertson,  R.N.,  on  board  H.M.S.  Creole,  in 
the  harbor  of  Rio  de  Janeiro,  discovered  the  comet.  Although 
it  had  that  day  passed  its  conjunction,  its  extreme  southern 
latitude  favored  its  observation,  and  for  a  number  of  days, 
assisted  by  Lieutenant  Charles  Drinkwater,  R.N.,  Rob- 
ertson was  able  to  note  its  position  with  regard  to  certain 
bright  stars  by  sextant  measurements.  These  measure- 
ments, together  with  an  approximate  orbit  deduced  from 
them  by  Henderson,  were  published  in  1831  in  the  Philo- 
sophical Transactions  of  the  Royal  Society.  In  Nature, 
XXII  (July  1, 1880)  is  a  note  describing  an  orbit  by  Hind, 
obtained  by  combining  the  observations  in  both  hemi- 
spheres, but  giving  no  hint  as  to  the  method  used.  It  is 
evident  from  what  follows  that  Hind  was  too  modest,  as 
the  final  corrections  to  his  orbit  are  very  small  when  we 
consider  the  approximate  nature  of  the  material  that  must 
be  used.  The  comet  is  of  considerable  interest  on  account 
of  its  close  approach  to  the  earth.  The  day  of  its  con- 
junction its  distance  from  the  earth  was  less  than  0.14, 
and  its  proper  motion  in  right-ascension  approximated  a 
degree  every  hour. 

As  it  becomes  necessary  in  dealing  with  old  comet 
material  to  first  find  the  coordinates  of  the  sun  from 
modern  tables,  these  were  computed  from  Newcomb's 
tables,  with  the  following  results  : 


June 


Equation  of 

T.  to  be 

sub.  from 

0(1822.0) 

Log  K 

S.T.G.M.N. 

appt. 

6 

75  8  32 

0.006514 

h   IT 

4  57 

19 

m   8 

7 

76  5  5;; 

566 

5  1 

16 

1  40 

8 

77  3  13 

617 

5 

12 

29 

9 

78  0  33 

666 

9 

9 

19 

10 

57  52 

713 

13 

6 

1   7 

11 

79  55  11 

759 

17 

f> 

0  54 

12 

80  52  30 

803 

20 

59 

42 

13 

81  49  49 

845 

24 

55 

0  29 

14 

82  47  7 

886 

28 

52 

15 

83  44  24 

924 

32 

48 

16 

84  41  40 

959 

36 

45 

17 

85  38  57 

992 

40 

41 

18 

86  36  14 

7023 

44 

38 

19 

87  33  30 

0.007051 

5  48 

35 

June 


O (1822.0) 

LogiJ 

S.T.G.M.N 

20 

88°  3o'  45" 

0.007076 

5''52'"3l' 

21 

89  28  0 

098 

5  56  28 

22 

90  25  15 

118 

6  0  24 

23 

91  22  30 

135 

4  21 

24 

92  19  43 

150 

8  17 

25 

93  16  56 

163 

12  14 

26 

94  14  9 

0.007174 

6  16  10 

The  value  of  the  Mean  Obliquity  of  the  Ecliptic  is 
23°  27'  45". 

From  these  data  are  derived  the  following  Equatorial 
Coordinates  of  the  Sun,  referred  to  the  mean  equinox  and 
ecliptic  of  1822.0. 


June 


X 

T 

z 

6 

+  0.260296 

+  0.900050 

+  0.390652 

7 

243922 

904016 

392373 

8 

227478 

907728 

393985 

9 

210969 

911186 

395485 

10 

194400 

914385 

396874 

11 

177773 

917326 

398151 

12 

161093 

920012 

399316 

13 

144363 

922438 

400368 

14 

127595 

924604 

401309 

15 

110793 

926506 

402135 

16 

093960 

928145 

402846 

17 

077096 

929523 

403445 

18 

060205 

930638 

403928 

19 

043299 

931490 

404298 

20 

026385 

932075 

404552 

21 

+  0.009462 

932397 

404692 

22 

-0.007466 

932455 

404716 

23 

024393 

932250 

404627 

24 

041305 

931780 

404423 

25 

058206 

931048 

404105 

26 

-0.075092 

+  0.930054 

+  0.403675 

The  constants  for  passing  from  the  mean  to  apparent 
place  are 

/  G  log  g  H  log  h  i 


June  6 

+  29.3 

—  27 

5 

■1.155 

193  38 

1.309 

-2.0 

10 

30.0 

26 

23 

1.162 

190  6 

1.310 

1.5 

14 

30.7 

25 

43 

1.170 

186  34 

1.311 

1.0 

18 

31.4 

25 

5 

1.177 

183  2 

1.311 

-0.4 

22 

32.1 

24 

31 

1.185 

179  34 

1.311 

+  0.1 

26 

+  32.8 

-24 

1 

1.192 

176  4 

1.311 

+  0.7 

Hind's  elements  were  made  the  basis  of  the  work. 
These  elements  are  found  in  the  English  magazine,  Nature, 
Vol.  XXII,  and  are  as  follows  : 

T  =  July  15.84420  G.M.T. 

<o   =  237°  44  54  ) 
Q  =     97  44  18  W822.0 

i  =  143  42  30  ) 

log  q   =  9.92797 
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Equatorial  Coordinates. 

a-  =  [9.908456]  )■  sin  (228°  10  43"6+i') 
y  =  [9.903.362]  r-  sin  (336  15  ol.T  +  r) 
\  =   [9.849155]  r  sin  (271  41  27.7  + y) 

In  forming  the  ephemeris,  only  five-place  logarithms 
were  used.  The  greater  share  of  the  material  is  of  such 
an  approximate  nature,  that  any  further  refinement  in 
computation  seemed  to  be  superfluous.  The  ephemeris 
positions  are 


June 


8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

11.0 

11.5 

12.0 

12.5 

13.0 


a  1822.0 

.346  22.99 

347  1.60 
44.13 

348  31.30 

349  23.98 

350  23.21 

351  30.27 

352  46.81 

354  14.97 

355  57.44 
357  57.77 
360  20.83 


8  1822.0 

-   6°  58.09 

7  45.81 

8  38.39 

9  36.55 

10  41.18 

11  53.29 

13  14.10 

14  45.02 
16  27.72 
18  24.19 
20  36.74 
23     8.14 


log  r 

0.0385 
0341 
0297 
0254 
02 11 

0.0168 


Ab. 

log  \  time 
Units  of 
5th  place 

9.5885  224 
5678 
5462 
5237 
5002 
4755 
4497 
4227 
3945 
3652 
3348 
3034 


213 
203 
193 
183 
173 
163 
153 
143 
134 
125 
116 


June  18.0 

82 

1822.0 
9^20 

8  1822.0 
-51°  46.35 

logr 
9.9958 

Ab. 
log  A   time 

Units  of 
5th  place 

9.1372   79 

18.5 

93 

35.13 

50 

4.35 

1589 

83 

19.0 

102 

57.03 

47 

40.27 

9917 

1857 

89 

19.5 

110 

23.66 

44 

59.80 

2157 

95 

20.0 

116 

16.25 

42 

19.01 

9S7S 

2473 

102 

20.5 

120 

56.11 

39 

46.57 

2795 

110 

21.0 

124 

40.80 

37 

26.52 

9838 

3114 

118 

21.5 

127 

43.58 

35 

20.00 

3426 

127 

22.0 

130 

14.38 

33 

26.57 

9800 

3728 

136 

22.5 

132 

20.50 

31 

44.82 

4019 

146 

23.0 

134 

7.09 

30 

13.70 

9762 

4298 

155 

23.5 

135 

38.28 

28 

52.14 

4505 

165 

24.0 

136 

56.96 

27 

39.00 

9720 

4820 

175 

24.5 

138 

5.54 

26 

33.00 

5063 

185 

25.0 

139 

5.79 

25 

33.21 

9.9690 

5296 

195 

25.5 

139 

59.00 

-24 

38.94 

9.5519 

206 

The  observations  of  Caturegli,  at  Bologna,,  are  given 
in  the  Monatliche  Correspondenz  of  von  Zach,  Vol.  VI. 
No  particulars  are  given,  and  the  measures  are  only  ap- 
proximate. These  observations,  with  the  dates  reduced 
for  aberration  are  : 

O  — C 


a  app. 

IT 

8  app. 

TT 

Ja  cos  8 

J8 

June  8.59743 

347°39' 

-0.21 

-  8°  49 

+  0.21 

(_14'49) 

+o'.38 

10.58142 

351  43 

30 

13  28 

29 

+  0.10 

+  0.26 

11.58040 

354  32 

36 

16  46 

35 

+  0.66 

-0.40 

12.59113 

358  25 

-0.47 

-21  5 

+  0.43 

+  1.83 

-1.95 

The  observations  of  Gambart,  at  Marseilles,  are  also  to 
be  found  at  the  same  place  in  the  Monatliche  Correspond- 
enz. They  consist  of  measured  differences  in  right- 
ascension  and  declination  with  regard  to  two  stars.  These 
stars  and  their  coordinates  are 


June     9.61108 
10.60094 


a  app. 

349°  37.19 
351  46.46 


-0.25 
-0.31 


i/r'  Aquarii 

133  Piasz!  Hora,  XXIII 

And  the  observations  are 


«  =  347  25.50     8=  -10  34.93 
352     6.39  -14     2.72 


8  app. 

-10°  56.46 
13  32.11 


+  0.36 
+  0.41 


Ja  COS  8 

-O.L' 

+  0.7i 


O  — c 


AS 

+  0.22 
-0.30 


As  before  stated,  the  observations  of  Robertson  are 
published  in  the  Philosophical  Transactions  of  the  Royal 
Society  for  18S1.  As  they  are  of  somewhat  unusual  form 
for  comet  observations,  I  have  transcribed  so  much  of  them 
as  have  a  bearing  on  the  orbit. 

Rio  de  Janerio,  June  18, 1822,  at  &"  30""  P.M.  Observed 
a  bright  circular  nebula  near  Ca.noyus.  On  directing  the 
telescope  to  it,  we  find  it  to  liave  the  appearance  of  a  comet. 
At  6*'  40'"  mean  time  the  following  distances  were  taken 
with  sextants : 


From  Cano/>iis 
Sirius 
a  Hydrae 
u  Criteis 


3  6  20 
34  27  10 
58  9  20 
47  58  50 


June  19.  The  comet  appeared  fainter  than  last  night. 
There  was  a  thin  haze  in  the  sky.  The  following  obser- 
vations were  taken  at  6''  40"'  P.M.  : 


From  Can  opus 
Sirius 
a  Hydrae 
a  Cruets 


11  33  30 
30  3  37 
46  2  47 
44  15  30 


June  22.  Fine,  clear  moonlight.  Observed  the  comet 
without  a  telescope.  It  is  still  of  a  round  shape,  no  tail 
or  nucleus  observed  when  looked  at  with  a  telescope.  The 
following  angular  distances  were  taken  at  7''  0'"  P.M. 
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From  Canopus  3o  35  0 

Sirius  33  12  0 

a  Hydrae  25     9  45 

«  Crncis  44  36  25 

June  23.     Clear  weather.     The  following 
tances  were  taken  at  Q^  34"'  P.M. 


angular  dis- 


From  Canopus 
Sirius 
a  Hydrae 
a  C rue  is 


37  29  20 
35  15  45 
21  38  50 
45  13  10 


June  24.     Clear   weather.     Moonlight, 
distances  were  taken  at  6^  30"  P.M. 


The  following 


From  a  Hydrae 
a  Cruris 


18  57 
46  37 


25 
30 


The  places  adopted  for  the  stars  referred  to  the  mean 
equinox  of  1822.0  were 


Canopus 
Sirius 
a  Hydrae 
a  Crucis 


95     0.02 

99  19.60 

139  42.60 

184  11.68 


-52  36.11 
-16  28.76 
-  7  53.50 
-62     6.70 


In  the  first  place,  the  coordinates  of  the  stars  were 
reduced  from  the  mean  to  the  apparent  position,  and  also 
corrected  for  refraction.  The  apparent  positions  of  a  comet 
moving  in  Hind's  orbit  were  then  computed  for  the  dates 
of  observation  minus  the  aberration  time,  and  these  in 
turn  corrected  for  parallax  and  refraction.  The  apparent 
distance  between  the  star  and  comet  was  computed  by  the 
formula 

COS//  =  sin  8"  sin  8' +  cos  8"  cos  8'  cos  («'—«") 

when  u',  8',  o"  and  8"  are  the  right-ascension  and  decli- 
nation of  the  comet  and  star  respectively.  Comparing  the 
computed  and  observed  distances  we  have  following  : 


June  18  June  19      June  22      Jime  2.3       June  24 


Canopus 
Sirius 
a  Hydrae 
n  Crucis 


-  3.17 
-11.38 
-14.72 

-  8.50 


+  3.00 
-4.24 
+  2.01 
-6.19 


-0.22  0.00 

.    .  +   2.98 

-1.57  +  0.23 

-0.27  r-24.75) 


-0.58 
-1.19 


The  signs  here  are  in  the  usual  sense  of  0  —  C.  The 
Sirius  observation  for  the  22d  is  omitted  on  account  of  the 
great  zenith  distance  of  the  star. 

If  the  formula  used  for  finding  the  distance  between  the 
star  and  comet  be  differentiated  there  result 

cos  i>' 98' +  sin  7?  (cos  8'aa')  =  —c>/} 

where  B  is  the  angle  opposite  90  —  8",  and  is  given  by  the 
equation 

sin  B  =  cos  8"  sin  («"-<£')  cosecz/ 

Solving  equations  of  this  form  for  the  observations  of 
each  day  by  the  Least-Square  Method  there  result  the  fol- 
lowing corrections  to  the  ephemeris  from  Hind's  elements. 

da  cos  8  cfS 


18.38994 

+  3.92 

+  9.15 

19.39676 

+  1.97 

+  1.99 

22.41015 

+  0.35 

+  0.82 

23.39180 

+  2.07 

+  0.10 

24.38882 

+  1.78 

+  0.40 

Four  normal  places  were  formed  by  using  the  formula 
+  bt  ^=  c,  with  the  result, 


<^a  COS  8 


dS 


June  9.5 

+  0.14 

+  0.21 

12.0 

+  1.13 

-1.04 

19.0 

+  2.75 

+  4.85 

23.5 

+  1.47 

+  0.42 

The  ScHOXFELD  equations  for  these  dates  are 


+  8.9987  3^■ 
+  9.8788 
+  0.6549 
+  9.8905 
-0.3825 
-0.5460 
+9.6793 
+  9.3415 


-0.1139  k-^^OT  -0.1621  ,?y   +9.9856 aX  -0.1396  <?,. 


-0.3558 
-0.5681 
-  8.3527 
+  0.1466 
+  0.3455 
-0.4438 
-0.0228 


-0.1533 
+  0.7928 
+  0.4275 
-0.5645 
-0.7254 
-0.6009 
-0.2530 


-0.0822 
-0.4869 
-0.2594 
-0-0702 
-0.1394 
-0.1295 
-0.2577 


-0.1912 
+  0.4624 
+  0.1388 
+  0.2242 
+  0.2484 
+  0.1050 
+  0.1371 


+  9.1461 
+  0.0531 
+  0.4393 
+  0.1673 
+  9.3222 
-0.0170 
+  0.6857 
+  9.6232 


From  these  we  have  the  Normal  Equations, 

+  1.602Gr?A-   - 1.4958  ^■V2-'''^    +1 


-1.4958 

+  1.5589 

+  1.7334 

-1.3393 

-0.8814 

+  0.9212 

+  0.5428 

-0.6180 

3Udq  -0.8814. >A  +0.5428  r>v  =    +1.3007 

-1.3393  +0.9212  -0.6180  -1.4603 

+  2.0439  -0.8319  +0.4456  +0.5855 

-0.8319  +1.3709  -1.3659  -1.1965 

+  0.4456  -1.3659  +1.3813  +1.1242 
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and  therefore  the  elimination  equations, 

■dk     -9.8932  ;fcV2a 2"  +0.1308  c;*./    -9.2788  ^A  +8.9402  9v  = 

k-,l2dT  +0.2424 ay   +9.3095 9X  -9.08359^  = 

dq   -9.6052 ax  +9.5160  9;/  = 

d\  -0.0154  0,/  = 

Dv  = 


+  9.6981 
-0.0527 
-8.3403 
-9.6375 
+  9.8671 


The  solution  of  these  gives 

Jk  =    -0.02 

q   =    -0.13 

9v    =    +0.74 

and  from  these  the  corrections  to  Hind's  elements  are 


k-^ldT  =    -0.88 
d\  =    +0.33 


OQ,    =   45.(5 

DT    =    -0.01052 


dm  =    —37.8 

di    =   —40.4 

log  9q   —    —  5.5777 

Therefore  the  new  elements  are 

T  =   July  15.83368  G.M.T 

o)  =   237°44'l6) 
ft  =     97  43  32  ^  1822.0 
i  =   143  41  50  ) 
log  q   =  9.927950 

Equatorial  Coordinates. 

X  =  [9.908388]/-  sin  ('228°lo' 57  + '•) 
y  =  [9.963392]?-  sin  (336  16  &  +  v) 
z    =   [9.849194]  r  sin  (271  40  41  +  ;;) 

Syracuse  University ,  1907  May  29. 


Computing  the  places  of  the  comet  for  the  normal  dates, 
and  comparing  the  residuals  with  those  obtained  from  sub- 
stitution in  the  Schonfeld  equations,  there  results. 


da  COS  8 


98 


-0.50 

-0.32 

+  0.06 

+  0.25 

-0.28 

-0.43 

-0.70 

-0  56 

-0.74 

-0.69 

+  1.40 

+  2.23 

+  1.41 

+  1.21 

-1.14 

-0.99 

The  divergence  for  the  third  place  in  declination  is  per- 
haps somewhat  larger  than  one  would  expect,  even  with 
five-place  logarithms.  A  duplicate  computation  of  both 
the  coefficients  involved,  as  well  as  the  ephemeris  place, 
fails  to  make  any  change,  however,  and  I  have  therefore 
allowed  them  to  stand.  The  elements  undoubtedly  repre- 
sent the  observations  within  the  limits  of  their  uncer- 
tainties. 


ELEMENTS   OF   PLANET  1907  XZ, 

By  ELEANOR  A.  LAMSON. 
[Communicateil  by  Rear-Atlmiral  Asa  Walker,  U.S.N.,  Superintendent  U.S.  Naval  Observatory.] 


From  observations  of  March  21,  April  1,  April  12  and 
April  24,  1907,  made  by  Messrs.  Hammond  and  Frederick- 
son,  at  Washington,  the  following  elements  were  com- 
puted : 

1907  April  24.5  Greenwich  Mean  Time. 

M  =       7°31  46"4 


0)  =  201  23  58.5 
ft  =  335  11  17.5 
i  =     11  45  15.4 

(f   =       8  58  51.8 

IX  =  626".309 

log  a  =  0.502146 


1907.0 


The  observations,  made  at  Washington,  give  the  follow- 
ing corrections  to  an  ephemeris,  computed  from  these 
elements : 


1907 

0— c: 

0— C 
8 

March 

21 

+  0.14 

+  0.2 

22 

+  0.09 

-2.3 

25 

+  0.06 

-1.5 

28 

+  0.26 

-2.2 

April 

1 

+  0.15 

+  0.8 

12 

+  0.14 

—  2.2 

16 

+0.14 

-0.9 

20 

+  0.18 

-1.5 

24 

+  0.07 

-2.8 

May 

18 

-0.46 

-1.2 
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THE   LUMIISrOSITY   OF   THE   FIXED   STARS, 

Bv  GEORGE  C.  COMSTOCK. 


We  may  define  the  Iviminosity  of  a  star  as  the  amount  of 
light  delivered  by  it  in  unit  time  to  a  surface  of  unit  area 
placed  normally  to  the  incident  beam  at  unit  distance  from 
the  star.  In  all  strictness  the  above  definition  should  be 
restricted  to  a  specific  wave  length  of  light,  and  luminosity 
should  be  regarded  as  a  function  of  the  wave  length  which 
when  integrated  over  the  entire  length  of  the  spectrum 
furnishes  the  light  integral  of  the  star  or  its  total  luminosi- 
ty; but  for  the  present  purposes  it  seems  unnecessary  to 
insist  upon  this  refinement.  With  reference  to  luminosity 
as  above  defined  we  may  establish  between  the  quantities, 

L  =  Luminosity 

TV  =  Parallax 
m  =  Stellar  Magnitude 
p'  =The  Light  Ratio  =   -^100 

the  following  relation,  viz.: 

(1)  Ltt'-p-"    =  C 

in  which  the  possible  absorption  of  light  in  transmission 
from  the  stars  is  neglected,  and  where  c  is  a  constant 
whose  value  is  to  be  determined. 

Let  T  be  expressed  in  seconds  of  arc,  let  the  unit  of  dis- 
tance be  that  for  which  ir  =  1",  let  the  unit  of  area  above 
introduced  be  so  chosen  that  for  the  sun  L  =  \,  and  let  the 
sun's  stellar  magnitude  be  represented  by  S.  In  terms  of 
these  units  we  find  from  Eq.  1 

log  c  =  10.6288  +  0.4  S 

If  we  now  put  >S'  =  — 26.57,  a  number  which  differs  from 
the  best  determinations  of  the  sun's  stellar  magnitude  by 
less  than  their  probable  errors,  we  shall  find  c  =  1,  which 
may  be  regarded  as  a  plausible  value  of  the  constant.  In 
the  following  computations,  however,  I  have  employed 
c  =  V'2  ,  corresponding  to  .S  =  — 26.20. 


We  may  now  write  Eq.  1  in  the  form, 


log  L  =  0.150  -  0.4m  -  2  log 


(2) 


a  relation  which  in  the  following  pages  is  applied  to  a 
statistical  study  of  the  luminosities  of  those  fixed  stars  for 
which  suitable  values  of  the  parallax  are  attainable.  It  is 
obvious  that  for  this  purpose  we  may  u.se  large  numbers  of 
parallaxes  that  individually  are  not  of  the  highest  degree 
of  precision,  trusting  to  at  least  a  partial  elimination  of  the 
errors  inherent  in  the  several  values.  That  this  elimination 
is,  however,  a  very  limited  and  imperfect  one  is  readily 
shown  from  a  consideration  of  the  mean  luminosity  de- 
rived by  taking  the  average  of  n  individual  results  for  L, 
each  result  based  upon  a  slightly  erroneous  parallax  whose 
error  may  be  represented  by  /;.  We  find  by  developing 
Eq.  1  that  the  mean  value  of  the  luminosity,  L,  is  repre- 
.sented  by 


jiL  =  IL  -2ZL 


^+?.ZL^^ 


etc. 


(3) 


In  this  expression  the  effect  of  the  term  involving  the  first 
power  of  h  may  be  supposed  eliminated  in  the  mean  of  a 
considerable  number  of  observed  values  through  the  equal- 
ly frequent  occurrence  of  positive  and  negative  errors,  but 
the  term  in  K^  remains  always  positive,  and  will  tend  to 
make  L  too  great,  particularly  when  small  values  of  tt  are 
employed.  I  have  therefore  decided  to  use  for  the  present 
purpose  no  parallax  less  than  0".03  in  absolute  amount, 
i.e.,  after  there  has  been  applied  to  each  observed  relative 
parallax  a  correction  ranging  from  +0".006  to  +0".0r2 
corresponding  to  the  assumed  parallax  of  the  comparison 
stars.  Table  VI  shows  the  material  that  I  have  been  able 
to  collect  for  this  purpo.se,  and  while  it  is,  doubtless,  not 
exhaustive,  I  have  not  knowingly  omitted  from  it  any  star 
for  which  there  is  an  apparently  good  determination  of 

(109) 
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parallax  coming  within  the  limit  above  defined.  With  re- 
spect to  that  limit  we  may  say  that  the  present  investiga- 
tion relates  to  that  part  of  space  included  within  a  sphere 
whose  center  is  at  the  sun  and  whose  radius  is  approxi- 
mately 7,000,000  times  the  radius  of  the  earth's  orbit.  In 
the  table,  m  and  t  denote  the  adopted  magnitude  and 
parallax  of  the  stars,  m  corresponding  in  general  to  the 
Harvard  Meridian  Photometry;  L  is  the  luminosity  de- 
termined through  Eq.  2;  and  the  last  column  of  the  table 
indicates  the  authority  for  the  adopted  parallax.  For 
stars  contained  in  Kapteyn's  list.  Publications  of  the 
Astronomical  Laboratory  at  Groningen,  No.  8,  I  have  in 
general  adopted  the  value  there  given,  and  the  symbol  K 
denotes  such  a  parallax.  In  some  cases  these  values  have 
been  supplemented  by  more  recent  determinations,  and 
these,  together  with  all  other  cases  where  a  mean  of  two  or 
more  determinations  are  employed,  are  indicated  by  the 
symbol  M.  Parallaxes  adopted  from  a  single  determina- 
tion are  designated  as  follows: 

P.  Pritchard's  Photographic  Parallaxes.  Astronomical 
Observations  ***  Oxford  No.  IV,  Part  II. 

Y.  Transactions  of  the  Astronomical  Observatory  of 
Yale  University,  Vol.  II,  Part  I. 

F.  FHnt's  determinations  of  stellar  parallax  by  meridian 
transits.  In  part  contained  in  publications  of  the 
Washburn  Observatory,  Vol.  XI,  and  in  part  hithei'to 
unpublished. 

R.  Unpublished  photographic  results  kindly  furnished 
me  in  manuscript  by  Mr.  Henry  Norris  Russell. 

A  few  isolated  results  included  in  the  table  are  specially 
designated,  and  for  the  sake  of  completeness  there  are  in- 
cluded in  the  table  a  few  results  not  available  at  the  time 
the  discu.ssion  of  the  luminosities  was  made.  It  may  be 
noted  that  considerably  more  than  half  of  the  entire 
data  is  obtained  from  the  source  designated  Y  and  F. 
While  the  material  here  presented  certainly  comprises 
only  a  minute  portion  of  the  stars  included  in  the  space 
above  defined,  it  would  be  .sufficient  in  quantity  to  furnish 
at  least  approximate  ideas  of  the  distribution  of  luminosity 
among  those  stars  provided  it  were  legitimate  to  assume 
that  the  2.30  stars  here  employed  have  not  been  selected 
from  the  larger  aggregate  by  any  rule  of  choice  that  im- 
pairs their  representative  character.  This  condition  un- 
fortunately is  not  fulfilled.  As  is  well  known,  stars  ob- 
served for  parallax  are  almost  without  exception  those 
characterized  by  large  proper  motion  or  by  unusual 
brilliancy,  and  while  the  former  property  is  perhaps  not 
prejudicial  to  the  present  purpose  the  latter  certainly  re- 
sults in  a  biased  choice  of  material,  that  must  be  reckoned 
with  in  any  interpretation  of  its  results,  e.y.,  there  will  be 


found  among  the  available  data  an  excessive  proportion  of 
intrinsicall}'  bright  stars,  the  faint  stars  will  be  far  less  in 
number  than  is  typical  of  their  actual  frequency,  and  the 
mean  luminosity  furnished  by  the  data  must  be  con- 
siderably greater  than  that  which  actually  obtains.  Any 
results  of  this  kind  which  are  to  be  derived  from  existing 
data  must  therefore  be  regarded  as  limits  from  which  the 
values  actually  characteristic  of  the  stellar  system  depart 
in  the  directions  above  assigned. 

Although  the  considerations  thus  outlined  constitute  a 
serious  limitation  upon  the  conclusions  to  be  drawn  from 
the  available  material  it  still  remains  possible  to  obtain 
from  it  a  considerable  amount  of  information  relative  to 
the  luminosity  of  the  stars. 

(A)  With  respect  to  the  stars  of  greatest  intrinsic 
brilliancy  the  data  must  be  regarded  as  complete  for  the 
region  under  investigation.  Thus,  if  there  existed  within 
a  distance  from  the  sun  equal  to  7,000,000  radii  of  the 
earth's  orbit,  a  star  whose  total  output  of  light  exceeded 
that  of  the  sun  one  thousand-fold,  Eq.  2  shows  that  its 
stellar  magnitude  could  not  be  less  than  0.5,  and  as  all  stars 
of  this  magnitude  have  been  carefully  observed  for  parallax 
we  may  conclude  that  no  such  star  exists  in  the  region  thus 
defined.  It  will  be  later  shown.  Table  II,  that  the  stars 
having  observed  parallaxes  equal  to  or  greater  than  0".10 
present  no  case  of  a  luminosity  one  hundred-fold  greater 
than  that  of  the  sun,  and,  as  above,  we  may  show  that  the 
data  are  hei'e  exhaustive  and  that  if  any  such  star  existed 
within  a  distance  equal  to  2,000,000  radii  of  the  earth's 
orbit  it  would  have  been  found  and  included  in  the  data 
here  discussed. 

(B)  In  an}^  investigation  of  the  mean  luminosity  of  the 
stars  it  seems  desirable  to  consider  separately  stars  at  dif- 
ferent distances  from  the  earth,  since  the  effects  of  the 
biased  selection  of  data  above  noted  increase  rapidly  with 
increasing  distance.  To  present  such  a  classified  exhibit 
of  mean  luminosities.  Table  I  has  been  formed  as  follows: 
The  stars  having  been  arranged  in  the  order  of  their  par- 
allaxes a  mean  value  of  the  luminosity,  L,  was  formed  for 
groups  whose  central  value  of  n  is  shown  in  the  first  column 
of  the  table. 

In  order  to  smooth  out  irregularities  due  to  the  small 
amount  of  available  data,  the  several  groups  have  been 
allowed  to  overlap  so  that  each  individual  value  of  L,  save 
at  the  ends  of  the  table,  enters  into  several  consecutive 
groups,  thus  producing  in  effect  a  series  of  adjusted  num- 
bers. Notwithstanding  some  notable  irregularities  the 
increase  in  the  mean  value  of  L  with  increasing  distance, 
which  might "'  priori  be  expected  from  the  character  of  the 
data,  is  here  conspicuously  shown  and  the  sequence  of  the 
numbers  inspires  some  confidence  in  the  adequacy  of  the 
data  employed: 
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Table  I. 
Apparent  Relation  of  Luminosity  to  Distance. 
Adjusted  Mean  Values. 
T  Mean  L  Median  L       No.  of  Stars 


0.05 

45. 

1.6 

88 

.06 

28. 

1.6 

85 

.07 

16. 

1.5 

84 

.08 

12. 

1.9 

71 

.09 

10. 

2.1 

62 

.10 

8.0 

1.9 

57 

.11 

5.1 

1.4 

51 

.12 

4.1 

1.1 

44 

.13 

3.2 

0.8 

36 

.15 

4.9 

0.9 

14 

.18 

1.2 

0.4 

12 

.25 

0.8 

0.04 

13 

.34 

3.5 

0.06 

12 

.57 

0.4 

0.03 

3 

In  the  presence  of  such  influences  as  are  here  manifest, 
the  mean  kuninosity  has  Httle  significance  and  a  better  pre- 
sentation of  the  characteristics  of  tlie  stellar  system  may 
be  obtained  through  the  median  value  of  L,  i.e.,  that  value 
which  occupies  the  middle  place  when  the  individual  values 
are  arranged  in  order  of  magnitude  (the  mean  of  two  values 
when  the  group  consi.sts  of  an  even  number  of  units).  The 
median  values  of  the  several  groups  are  shown  in  the  third 
column  of  Table  I  and  we  find  here  an  approximate  uniform- 
ity of  the  median  for  all  values  of  v  not  exceeding  0".l. 
For  greater  values  of  ir  there  is,  however,  a  notable  dimi- 
nution and  with  respect  to  the  character  of  the  data  we 
must  regard  the  smaller  numbers  as  furnishing  by  far  the 
better  representation  of  the  average  stellar  brilliancies,  if 
indeed,  even  the  smallest  numbers  here  shown  are  not  still 
much  too  large.  We  may  at  least  conclude  that  by  com- 
parison with  the  average  star  the  sun  is  a  body  of  excep- 
tional brilliancy,  instead  of  being  below  the  average,  as  is 
sometimes  affirmed. 

(C)  In  any  given  part  of  space  bright  and  faint  stars 
are  intermingled  in  a  definite  ratio,  and  if  it  be  assumed 
that  the  relative  frequency  of  the  several  degrees  of  lum- 
inosity is  substantially  the  same  over  wide  areas  we  may 
represent  this  frequency,;/,  by  a  so-called  luminosity  curve, 
;/  =  /  (L;.  It  is  a  major  purpose  of  the  present  investiga- 
tion to  determine  the  general  form  of  this  curve,  and  in 
view  of  the  considerations  regarding  the  data  above  set 
forth,  I  have  divided  the  available  material  into  two 
parts,  viz.,  those  stars  whose  parallax  is  equal  to  or  greater 
than  0".10  and  those  whose  parallax  is  less  than  that  limit, 
presuming  that  the  prejudicial  effects  of  a  biased  selection 
of  stars  will  be  less  manifest  in  the  former  than  in  the  latter 
category,  and  that  the  difference  between  the  resulting 
curves  may  furnish  some  clew  to  the  amount  of  their  devia- 
tion from  the  truth.  In  each  body  of  data  thus  formed  the 
stars  were  arranged  in  the  order  of  increasing  luminosity 


and  the  number  of  stars  included  between  assigned  limits 
of  L  were  counted,  a  star  falling  exactly  upon  the  limit  be- 
tween two  groups  being  counted  as  half  a  star  in  each 
group.  The  adopted  limits  together  with  the  number  of 
stars  falling  between  them  are  shown  in  Tables  II  and  III. 

Table  II. 
Distribution  of  Luminosities  tt  >0".09.5. 


Limits  of  L 

Mean  L 

n 

y 

0.00  - 

0.01 

0.008 

8 

4625 

.01  - 

.05 

.03 

12 

1735 

.05  - 

.10 

.07 

8 

925  - 

.10  - 

.20 

.14 

13 

750 

.20  - 

.40 

.29 

12.5 

360 

.40  - 

.70 

.57 

6.5 

125 

.70  - 

1.00 

.86 

8 

154 

1.0  - 

2.0 

1.4 

8 

46 

2.0  - 

5.0 

3.0 

9 

17 

5.0  - 

10.0 

7.7 

9 

10 

10.0  - 

50.0 

28.2 

7 

1 

50.   - 

0 

0 

Table  III. 
Dlstribution  of  Luminosities  ''■<o".095. 


Limits  of  L 

Mean  L 

n 

;/ 

0.0  - 

0.2 

0.13 

13 

283 

0.2  - 

0.3 

.26 

11 

478 

0.3  - 

0.5 

.38 

12 

261 

0.5  - 

1.0 

.72 

12.5 

109 

1.0  - 

1.5 

1.2 

10.5 

91 

1.5  - 

2.0 

1.6 

7 

61 

2.0  - 

3.0 

2.4 

6 

26 

3.0  - 

5.0 

3.8 

7 

15 

5.0  - 

10.0 

6.9 

10 

9 

10.  - 

20. 

15.1 

11 

5 

20.  - 

50. 

30.6 

11 

1.6 

50.  - 

100. 

67. 

9.5 

0.83 

100.  - 

300. 

193. 

5.5 

0.12 

300.  - 

700. 

477. 

5. 

0.05 

700.  - 

0. 

0.00 

There  is  also  shown,  under  the  heading  //,  a  number  propor- 
tional to  the  ordinate  of  the  resulting  frequency  curve, 
obtained  by  dividing  the  number  of  stars  actually  enumer- 
ated in  each  group  by  the  interval  between  the  limits  of  the 
group  and  multiplying  the  quotient  by  a  constant  factor 
so  chosen  as  to  make  //  =  100  when  L  =  1.  A  comparison 
of  the  values  of  //  contained  in  the  two  tables  shows  upon 
the  whole  a  satisfactory  agreement  which  may  be  regarded 
as  a  confirmation  of  the  genuineness  of  the  small  parallaxes 
used  in  Table  III  and  their  adequacy  for  the  present  pur- 
pose. The  discordances  between  the  two  tables  for  very 
small  and  very  great  values  of  L  are  of  the  kind  antici- 
pated, and  with  reference  to  their  numerical  amount  I  am 
constrained  to  regard  the  values  of  //  given  at  the  beginning 
of  Table  II  as  being  in  considerable  measure  too  small,  and 
similarly  the  values  of  //  given  at  the  end  of  Table  III  are 
appreciably  too  great.     In  utilizing  the  present  data  for 
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the  construction  of  a  luminosity  curve  1  have,  however, 
ignored  these  considerations,  and  resorting  to  graphical 
methods  1  have  plotted  ;/  as  a  function  of  the  tabular  mean 
L,  without  distinction  between  the  two  tables,  and  have 
drawn  through  the  plotted  points  a  smooth  curve  from 
which  I  have  read  the  ordinates  whose  values  are  given  in 
Table  IV  under  the  heading  adjusted  ,)/.  These  quantities 
are  to  be  regarded  as  the  principal  result  of  the  present 
investigation.  They  define  an  empirical  curve  who.se  re- 
lation to  the  true  luminosity  curve  is  as  follows: 

For  L  =  1  the  two  curves  are  in  forced  agreement;  for 
values  of  L  much  less  than  unity  the  ordinates  of  the  true 
curve  are  greater  than  those  of  the  empirical  curve;  for 
values  of  L  much  greater  than  unity  the  ordinates  of  the 
true  curve  are  less  than  those  of  the  empirical  curve.  I 
find  by  trial  that  these  adjusted  values  of  ij  can  be  very 
approximately  representerl  by  the  equation 


(4) 


,4  ,      B 
Ih  =  T  'og  T 


where  A  and  B  are  constants,  which  for  the  present  data 
have  the  values  ^  =  100  -^  3,  B  =  1000,  when  the 
logarithms  are  taken  to  the  base  10.  Values  of  y, ,  com- 
puted from  this  formula,  are  shown  in  Table  IV.  Their 
agreement  with  the  observed  values  is  all  that  could  be  ex- 
pected from  the  character  of  the  data  and  at  the  beginning 
and  end  of  the  table  they  depart  from  the  observed  values 
toward  the  true  curve. 

The  last  column  of  Table  IV  contains  values  of  ij  com- 
puted from  the  data  given  by  Kapteyn  in  Publications  of 
Astronomical  Laborator;/  at  Groningen,  No.  11,  "  On  the 
Luminosity  of  the  Fixed  Stars."     Solution  V,  p.  19. 


Table 

IV. 

The  Luminosity  Curve, 

Adjusted 

L 

y 

>ji 

Kapteyn 

0.01 

16700 

263 

0.2 

600 

618 

204 

0.4 

250 

284 

143 

0.6 

165 

179 

120 

O.S 

125 

129 

110 

1.0 

100 

100 

100 

2.0 

.35 

45 

71 

4.0 

15 

20 

47 

10. 

7 

7 

22 

20. 

3 

3 

12 

40. 

0.8 

1.1 

6 

100. 

0.4 

0.3 

1.8 

200. 

0.15 

0.11 

0.72 

400. 

0.05 

0.03 

0.28 

1000. 

0. 

0.07 

While  the  general  character  of  the  function  represented 
by  the  numbers  in  the  last  two  columns  of  this  table  may 


be  described  as  not  unlike,  since  both  show  a  preponderance 
of  faint  stars,  the  numerical  differences  between  them  are 
very  great,  particularly  at  the  beginning  and  end  of  the 
table.  For  values  of  L  less  than  0.1  Kapteyn's  function 
is  practically  constant  or,  as  he  suggests,  possesses  a  maxi- 
mum near  L  —  0.01,  while  Eq.  4  has  in  this  region  its 
steepest  slope  and  contains  no  suggestion  of  a  diminishing 
frequency  as  L  approaches  the  limit  0.  This  characteristic 
of  the  curve  above  found  is  entirely  consonant  with  what  is 
believed  on  other  grounds  with  regard  to  the  wide  diffusion 
of  meteoric  matter,  whose  individual  particles  may  be 
regarded, for  the  present  purposes,  as  stars  of  zero  luminosi- 
ty and  whose  total  number  must  vastly  exceed  the  number 
of  visibly  luminous  bodies.  For  large  values  of  the  lumin- 
osity Kapteyn's  numbers  are  five  to  ten  times  greater 
than  those  here  found  and  their  ratio  to  the  ordinates  of  the 
true  curve  must  be  exaggerated  in  even  greater  measure. 
I  have  elsewhere  expressed  my  dissent  from  the  theoretical 
basis  assigned  for  Kapteyn's  luminosity  curve,  and  in  view 
of  the  comparison  between  that  curve  and  the  observed 
data  here  presented  it  would  seem  that,  within  the  region 
under  consideration,  the  value  of  the  Kapteyn  curve,  even 
as  an  empirical  relation,  can  be  maintained  only  by  assum- 
ing the  general  worthlessness  of  the  observed  parallaxes. 
The  general  agreement  between  the  results  furnished  by 
large  and  small  parallaxes  strongly  opposes  this  assump- 
tion, and  if  the  parallaxes  are  even  roughly  a  measure  of 
the  stellar  distances  Kapteyn's  curve  does  not  fairly 
represent  the  actual  distribution  of  luminosities. 

In  view  of  their  relatively  small  distances  from  the  earth 
all  the  stars  here  considered  may  be  regarded  as  lying  in  or 
near  the  plane  of  the  galaxy,  and  it  therefore  appears  im- 
probable that  their  luminosity  function  should  be  apprecia- 
bly dependent  upon  galactic  latitude.  I  have,  neverthe- 
less, divided  the  data  into  two  classes,  those  stars  lying 
within  30°  of  the  central  line  of  the  galaxy  and  tho.se  more 
remote  from  it,  and  by  a  process  entirely  similar  to  that 
above  described  I  have  obtained  the  ordinates  and  corre- 
sponding mean  luminosities  shown  in  Table  V.     Despite 

Table  V. 
Influence  of  Galactic  Latitude. 

Galactic  Stars  Non-Galactic  Stars 

Limits  of  i       ii            L          y  n  L          y 

0.0-   0.1     11    0.04  526  20  0.04  762 

0.1-   0.2      9   0.14  435  14  0.15  533 

0.2-   0.4     14   0.30  337  17  0.29  323 

0.4-   O.S      7   0.54  84  13  0.58  123 

0.8-   1.2     12.5  0.99  150  7  1.02  67 

1.2-   2.0  •    6.5  1.5   39  11  1.5   52 

2.0-   5.0     10   3.1   16  12  3.1   15 

5.0-  10.      10   7.1   10  9  7.4    7 

10.  -  40.      11   22.     1.8  14  20.     1.8 

40.  -  100.      10  57.    0.8  4  75.    0.3 

100.  -  .  .  .  .       6  298 4  A02 
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some  irregularities  the  agreement  between  the  values  of  y 
furnished  by  the  galactic  and  non-galactic  stars  is  probably 
as  great  as  should  be  expected,  and  while  the  numbers  thus 
found  might  possibly  be  construed  as  indicating  in  the 
galaxy  a  relative  excess  of  bright  stars  and  defect  of  faint 
ones,  anj'  such  inference  should  be  supported  by  more  data 
than  is  here  available. 

We  maysummarize  the  resultsaboveobtained,  asfollows; 
Within  a  distance  equal  to  7,000,000  radii  of  the  earth's 
orbit  there  exists  no  star  whose  luminosity  exceeds  that  of 
the  sun  one  thousand-fold.  The  average  star,  brighter 
than  the  ninth  magnitude,  is  intrinsically  much  fainter 


than  the  sun,  probably  emitting  less  than  one-tenth  as 
much  light.  The  faint  stars  are  far  more  numerous  than 
the  bright  ones  and  with  diminishing  luminosity  their  rela- 
tive number  rapidly  increases,  without  present  appearance 
of  any  limit  to  this  increase.  The  law  of  this  increase  may 
be  approximately  represented  by  an  equation  of  the  form 


.4  ,      B 
y  =  ^  log  ^ 


The  law  of  distribution  of  luminosities  is  appreciably  the 
same  for  galactic  and  extra-galactic  stars. 


TABLE  VI. —  Luminosities. 

Star 

R.A. 

Decl. 

ni 

^ 

L     Auth'y 

star 

R.A. 

Decl. 

m 

TT 

L 

A^iith'y 

LI.  47231 

h       m 

0     0 

+  45° 

8.3 

0A4 

0.035 

Y 

LI.  4855 

h       m 

2  33 

+  30° 

7.3 

0"04 

1.07 

F 

a  Andromedae 

0     3 

+  29 

2.1 

0.06 

.56.2 

P 

LI.  5490-6 

56 

+  61 

6.7 

0.06 

0.81 

Y 

jBr.  3212 

1 

+  28 

7.5 

0.15 

0.063 

Y 

p  Persei 

2  59 

+  38 

3.8 

0.09 

5.25 

R 

/8  Cassiopeiae 

4 

+  59 

2.4 

0.14 

7.9 

M 

I  Persei 

3     2 

+  49 

4.1 

0.11 

2.69 

Y 

y  Pegasi 

S 

+  15 

3.0 

0.08 

13.8 

F 

P  Persei 

2 

+  41 

2.2 

0.09 

74.1 

M 

Gr.  34 

12 

+  43 

7.9 

0.31 

0.010 

M 

W.B.  Ill,  113 

9 

+   9 

7.8 

0.08 

0.17 

Y 

3  Tucanae 

15 

-65 

4.1 

0.15 

1.44 

K 

e  Eridani 

16 

-43 

4.4 

0.16 

0.98 

K 

/3  Hydri 

20 

-78 

2.7 

0.14 

6.03 

K 

a  Persei 

17 

+  .50 

1.9 

0.10 

24.5 

M 

P.,  0\  130 

32 

-25 

5.6 

0.36 

0.063 

F 

£  Eridani 

28 

-10 

3.7 

0.37 

0.34 

F 

54  Piscium 

34 

+  21 

5.5 

0.15 

0.40 

Y 

10  Tauri 

32 

0 

4.4 

0.07 

5.01 

Y 

LI.  1198 

40 

+    1 

8.2 

0.08 

0.12 

Y 

8  Eridani 

38 

-10 

3.7 

0.09 

5.75 

F 

Gr.  145 

43 

+  70 

7.8 

0.03 

1.20 

Y 

LI.  6888-9  pr. 

40 

+  41 

8.2 

0.05 

0.30 

Y 

Mayer  20 

43 

+   5 

5.7 

0.17 

0.095 

M 

Gr.  745 

48 

+  76 

8.2 

0.05 

0.30 

Y 

T)  Cassiopeiae 

43 

+  57 

3.8 

0.23 

0.81 

M 

LI.  7443 

3  56 

+  35 

8.5 

0.05 

0.22 

Y 

LI.  1799 

0  57 

+   5 

8.3 

0.06 

0.19 

Y 

o''  Eridani 

4  11 

-  8 

4.7 

0.17 

0.66 

M 

/I  Cassiopeiae 

2 

+  54 

5.4 

0.11 

0.81 

M 

a  Tauri 

30 

+  16 

1.2 

0.10 

46.8 

M 

LI.  1964 

2 

+  22 

8.4 

0.10 

0.062 

Y 

Gr.  864 

34 

+  42 

7.1 

0.03 

2.29 

Y 

LI.  1966 

3 

+  61 

7.8 

0.08 

0.17 

Y 

Gr.  884 

44 

+  46 

6.5 

0.13 

0.21 

Y 

j8  Andromedae 

4 

+  35 

2.2 

0.06 

51.3 

M 

W.B.  IV,  1189 

56 

-   6 

6.3 

0.30 

0.048 

M 

&Ceti 

19 

-   9 

3.8 

0.10 

4.27 

F 

Gould's  Z.C.,V.243 

5     8 

-45 

8.5 

0..32 

0.005 

K 

a>  Andromedae 

21 

+  45 

4.8 

0.09 

2.09 

F 

n  Aurigae 

9 

+  46 

0.3 

0.08 

158. 

M 

Polaris 

23 

+  90 

2.1 

0.08 

31.6 

M 

A  Aurigae 

12 

+  40 

5.0 

0.09 

1.74 

M 

a  Eridani 

34 

-58 

0.5 

0.05 

355. 

K 

/3  Tauri 

20 

+  29 

l.S 

0.07 

.55.0 

P 

Fed.  263 

34 

+  66 

7.4 

0.04 

0.98 

Y 

W.B.,  V.  592 

26 

-   4 

8.7 

0.07 

0.095 

F 

41  //.  Andromedat 

36 

+  42 

5.2 

0.12 

0.81 

Y 

S  Orionis 

27 

0 

2.4 

0.08 

24. 

F 

107  Piscium 

37 

+  20 

5.4 

0.13 

0.58 

Y 

Gr.  990 

30 

+  51 

7.9 

0.03 

1.00 

Y 

T  Ceti 

39 

-16 

3.7 

0.36 

0.36 

K 

t  Orionis 

31 

-   1 

1.8 

0.06 

74. 

F 

P.  I,  159 

40 

+  63 

6.1 

0.06 

1.41 

Y 

P.,  V.  146 

33 

+  53 

6.3 

0.14 

0.22 

Y 

13  Ariel  is 

1   49 

+  20 

2.8 

0.06 

29.5 

F 

LI.  10797-8 

39 

+37 

7.1 

0.08 

0.32 

Y 

a.  Arietis 

2     1 

+  23 

2.0 

0.09 

27.5 

M 

LI.  11196  pr. 

50 

+  14 

7.0 

0.06 

0.62 

Y 

Br.  3227 

S 

+  67 

7.8 

0.10 

0.11 

Y 

«  Orionis 

50 

+   7 

1.2 

0.03 

524. 

K 

LI.  4141 

10 

+  24 

6.5 

0.03 

.•^.98 

Y 

/8  .4  urigae 

5  52 

+  45 

2.1 

0.06 

129. 

M 

S  Trianguli 

11 

+  34 

5.0 

0.12 

0.98 

M 

K  Aurigae 

6     9 

+  30 

4.6 

0.06 

14.1 

* 

o  Ceti 

14 

-  3 

Var. 

0.14 

* 

R 

P  Canis  Majoris 

18 

-18 

2.0 

0.16 

8.91 

F 

P.  II,  123 

31 

+   6 

5.9 

0.14 

0.34 

Y 

23  H.  Camelop. 

29 

+80 

5.5 

0.04 

5.62 

Y 

»  11.5  to  0.02. 

, 

JOST,  u 

ist.  Na 

ch.  388 

8. 
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Star 

R.A. 

Decl. 

m 

TT 

L      Auth'y 

Star 

R.A. 

Decl. 

m 

- 

L        Auth'j 

y  Geminorum 

h       m 

6  32 

+  16° 

2.0 

0.07 

45.7 

F 

13  Leonis 

h       ni 

11   44 

+  15° 

2.2 

0.09 

22.9 

M 

Sir  his 

41 

-17- 

-1.3 

0.38 

32. 

M 

P  Virginis 

46 

+  2 

3.7 

0.12 

3.24 

Y 

97  Monocerotis 

45 

0 

6.7 

0.26 

0.043 

F 

Gr.  1830 

47 

+  38 

8.6 

0.15 

0.14 

K 

P.  VI,  305 

6  57 

+  30 

6.0 

0.07 

0.56 

M 

y  Ursae  Maj. 

49 

+  54 

2.5 

0.10 

14.1 

P 

LI.  13849 

7     4 

+  21 

7.0 

0.11 

0.19 

Y 

Lac.  4955 

11  53 

-27 

7.7 

0.04 

0.74 

F 

rj  Canis  Majoris 

20 

-29 

2.4 

0.05 

62. 

F 

Gr.  1855 

12     5 

+  41 

7.3 

0.07 

0.35 

K 

a  Geminorum 

28 

+  32 

1.8 

0.06 

74. 

F 

LI.  22908 

8 

+  11 

8.0 

0.09 

0.11 

Y 

Procjion 

34 

+   5 

0.7 

0.30 

8.3 

M 

a  Crvcis 

21 

-63 

1.0 

0.06 

155. 

K 

/3  Geminorum 

39 

+  28 

1.5 

0.07 

72. 

K 

8  Canum  Venat. 

29 

+  42 

4.3 

0.10 

2.69 

Y 

Lac.  2957 

42 

-34 

6.0 

0.07 

1.15 

M 

y  Vii-ginis 

36 

-   1 

3.5 

0.08 

8.7 

R 

Lai.  15290 

47 

+  31 

8.2 

0.05 

0.30 

M 

£  Ursae  Majoris 

50 

+  56 

1.8 

0.07 

55. 

M 

9  Puppis 

48 

-14 

5.3 

0.04 

3.55 

F 

£  Virginis 

12  57 

+  11 

3.0 

0.03 

100. 

F 

LI.  15547 

54 

+21 

8.5 

0.09 

0.069 

Y 

42  Comae 

13     5 

+  18 

4.5 

0.12 

1.55 

F 

LI.  15565 

7  54 

+  30 

7.5 

0.06 

0.39 

M 

LI.  24504 

6 

+  10 

8.5 

0.03 

0.63 

Y 

P.  VII,  321 

8     5 

+  33 

6.7 

0.05 

1.18 

Y 

/3  Comae 

7 

+  28 

4.5 

0.12 

1.55 

M 

W.B.VIII,181- 

2    12 

+  31 

8.3 

0.09 

0.0S3 

F 

61  Virginis 

13 

-IS 

4.8 

0.15 

0.76 

F 

Ll.  16304 

13 

-12 

6.0 

0.13 

0.33 

F 

W.B.  XIII,  241      15 

+  36 

9.0 

0.08 

0.055 

Y 

o  Ursae  Majoris 

21 

+  61 

3.4 

0.09 

7.59 

F 

LI.  24774 

16 

+  44 

8.0 

0.18 

0.028 

Y 

A.  Oe.  9342 

46 

+  71 

8.5 

0.10 

0.056 

F 

^  Ursae  Majoris 

20 

+  55 

2.4 

0.08 

24. 

F 

55  p  Cancri 

47 

+  29 

6.2 

0.07 

0.95 

Y 

70  Virginis 

24 

+  14 

5.2 

0.15 

0.52 

Y 

6  Ursae  Majoris 

52 

+  48 

3.2 

0.08 

11.5 

M 

LI.  25224 

34 

+  11 

5.6 

0.26 

0.12 

F 

10  Ursae  Majoris 

8  54 

+  42 

4.2 

0.09 

3.63 

Y 

LI.  25372 

41 

+  15 

8.5 

0.27 

0.0078 

M 

LI.  18115 

9     8 

+  53 

7.5 

0.14 

0.072 

M 

T  Bootis 

42 

+  18 

4.5 

0.04 

14.1 

Y 

2-3121 

12 

+  29 

7.0 

0.13 

0.13 

F 

/3  Centauri 

13  57 

-60 

1.2 

0.04 

295, 

K 

LI.  18397 

16 

+  41 

7.5 

0.08 

0.39 

Y 

a  Bootis 

14  11 

+  20 

0.3 

0.04 

676. 

M 

d  Ursae  Majoris 

26 

+  70 

4.6 

0.05 

8.13 

Y 

Berlin  B.  5072 

21 

+  24 

9.0 

0.04 

0.22 

R 

&  Ursae  Majoris 

26 

+  52 

3.4 

O.OS 

9.55 

M 

LI.  26481 

26 

-15 

8.0 

0.31 

0.0093 

F 

LI.  19022 

37 

+  43 

8.1 

0.07 

0.17 

K 

u^  Centauri 

33 

-60 

0.9 

0.76 

1.07 

K 

Gr.  1596 

55 

+  56 

8.2 

0.07 

0.15 

Y 

c'^  Bootis 

41 

+  27 

2.6 

0.05 

52. 

F 

20  Leonis  Minoris 

9  55 

+  32 

5.6 

0.07 

1.66 

M 

LI.  270-26 

46 

-24 

8.2 

0.04 

0.47 

F 

a  Leonis 

10     3 

+  12 

1.8 

0.03 

302. 

K 

LI.  27298 

52 

+  54 

7.5 

0.09 

0.17 

M 

A.  Oe.  10603 

5 

+  50 

7.0 

0.16 

0.089 

M 

P.,  XIV,  212 

14  52 

-21 

6.3 

0.15 

0.19 

M 

LI.  19821 

6 

+  24 

8.3 

0.05 

0.27 

Y 

LI.  27742 

15     8 

+  20 

6.7 

0.05 

1.18 

Y 

39  Leonis 

12 

+  24 

6.5 

0.09 

0.44 

Y 

Li.  27744 

9 

-    1 

7.0 

0.13 

0.13 

F 

/x  Ursae  Maj. 

16 

+  42 

3.1 

0.05 

32.4 

Y 

6  Serpentis 

13 

+    1 

5.5 

0.13 

0.52 

F 

Gr.  1646 

22 

+  49 

6.3 

0.11 

0.35 

K 

5  Serpentis 

14 

+   2 

5.1 

0.21 

0.30 

Y 

P.,  X  96 

28 

+  50 

7.4 

0.05 

0.62 

K 

LI.  27958 

15 

+  26 

8.0 

0.03 

1.00 

Y 

LI.  21008-10 

51 

+28 

8.3 

0.05 

0.27 

Y 

W.B.  XV,  26^ 

18 

+   2 

8.7 

0.12 

0.032 

Y 

/3  Ursae  Majoris 

56 

+  57 

2.4 

0.09 

19. 

P 

/jl''  Bootis 

21 

+  38 

4.3 

0.03 

30. 

F 

LI.  21185 

58 

+  37 

7.5 

0.37 

0.010 

M 

LI.  28358 

26 

+  58 

6.9 

0.03 

2.75 

F 

a  Ursae  Maj. 

10  58 

+  62 

2.0 

0.05 

89. 

P 

a  Coronae  Bor. 

30 

+  27 

2.3 

0.05 

68. 

F 

51  Leonis  Min. 

11     0 

+  26 

7.8 

0.04 

0.27 

Y 

LI.  28607 

37 

-11 

7.0 

0.03 

2.51 

F 

LI.  21258 

1 

+  44 

8.5 

0.24 

0.0098  M 

39  Serpentis 

48 

+  14 

6.3 

0.04 

2.69 

Y 

LI.  21368 

6 

+  31 

8.5 

0.05 

0.22 

Y 

X  Herculis 

49 

+  43 

4.5 

0.10 

2.24 

Y 

2-1516 

8 

+  74 

6.5 

0.13 

0.21 

M 

y  Serpentis 

52 

+  16 

4.0 

0.08 

5.50 

M 

i  Ursae  Majoris 

13 

+  32 

3.S 

o.is 

1.35 

Y 

p  Coronae  Bor. 

15  57 

+  34 

5.2 

0.03 

13.2 

Y 

A.  Oe.  11677 

15 

+  66 

9,0 

0.20 

().00S9  M 

Gr.  2305 

16     2 

+  39 

6.5 

0.07 

7.24 

Y 

Br.  1584 

29 

-32 

6.2 

0.21 

0.11 

F 

LI.  29439 

3 

+  39 

8.4 

0.05 

0.25 

Y 

Gr.  1812 

33 

+  46 

6.7 

0.04 

1.86 

Iv 

T  Coronae  Bor. 

5 

+  37 

5.2 

0.12 

0.81 

F 

Gr.  1822 

40 

+  48 

8.0 

0.03 

1.00 

K 

a  Scnrpii 

23 

-26 

1.2 

0.03 

525. 

K 

N"-  597 
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Star 

R.A. 

Decl. 

m 

IT 

L    Auth'y 

Star 

R.A. 

Decl. 

m 

TT 

L       Auth'y 

LI.  30024-6 

16 

24 

+  19° 

7.0 

0.09 

0.28 

Y 

Gr.  3150 

20 

16 

+  67° 

6.2 

o"l2 

0.32 

Y 

C  Herculis 

38 

+  32 

3.1 

0.18 

2.57 

Y 

7  ('Hyni 

19 

+  40 

2.3 

0.11 

14.1 

M 

rj  Herculis 

39 

+  39 

3.7 

0.16 

1.86 

F 

LI.  39866 

35 

+   5 

8.4 

0.06 

0.17 

Y 

LI.  30699 

43 

+  68 

7.6 

0.05 

0.51 

Y 

Fed.  3562-3 

39 

+  75 

7.2 

0.06 

0.51 

Y 

LI.  30694 

16 

48 

0 

7.0 

0.14 

0.11 

Y 

e  Cggni 

42 

+  34 

2.6 

0.13 

7.59 

F 

LI.  31055 

17 

0 

-  5 

7.5 

0.12 

0.10 

F 

LI.  3n.32 

0 

+  47 

6.6 

0.14 

0.17 

Y 

rj  Cephei 

43 

+  61 

3.6 

0.10 

5.13 

Y 

36  Ophiuchi 

9 

-26 

4.7 

0.37 

0.15 

F 

B.D.  37.  4131 

55 

+  37 

7.8 

0.05 

0.43 

* 

Br.  2179 

10 

-26 

6.8 

0.24 

0.0.39 

F 

Gr.  3357 

20  56 

+  40 

6.7 

0.08 

0.46 

t 

8  Herculis 

11 

+  25 

3.2 

0.09 

9.12 

* 

LI.  40844 
61  Cygni 

21 

0 
2 

+   7 
+  38 

8.8 
6.1 

0.17 
0.30 

0.015 
0.057 

Y 

M 

72  Herculis 

17 

+  33 

5.4 

0.12 

0.68 

M 

W.B.  XVII, 

322 

21 

+   2 

8.0 

0.18 

0.028 

M 

Fed.  2895 

25 

+  67 

6.5 

0.05 

1.41 

Y 

8  Equulei 

9 

+  10 

4.6 

0.03 

22.9 

F 

26  Draconis 

34 

+  62 

5.3 

0.09 

1.32 

Y 

p  Cygni 

30 

+  45 

4.2 

0.05 

18.6 

Y 

A.  Oe.  17415 

-16 

37 

+  68 

9.0 

0.28 

0.0046 

M 

£  Pegasi 
K  Pegasi 

39 
40 

+   9 
+  25 

2.5 
4.2 

0.09 
0.03 

17.4 
33. 

P 
F 

jn  Herculis 

42 

+  28 

3.5 

0.13 

3.31 

Y 

LI.  42883-5 

54 

+  29 

7.4 

0.03 

1.74 

Y 

y  Draconis 

17 

54 

+  51 

2.4 

0.06 

42.7 

P 

70  Ophiuchi 

IS 

0 

+   3 

4.2 

0.18 

0.93 

M 

8  i7rsoe  Min. 

4 

+  87 

4.4 

0.04 

15.5 

t 

e  Indi 

21 

56 

-57 

4.8 

0.28 

0.22 

K 

X  Draconis 

23 

+  73 

3.7 

0.12 

3.24 

Y 

a  Gruis 
Gr.  3689 

22 

2 
3 

-47 
+  53 

1.9 
7.9 

0.03 
0.04 

275. 
1.55 

K 
Y 

n  Lyrae 

34 

-1-39 

0.4 

0.15 

43.6 

M 

LI.  43492 

12 

+  12 

7.0 

0.15 

0.10 

Y 

110  Herculis 

41 

+  20 

4.1 

0.05 

12.9 

t 

34  Pegasi 

21 

+   4 

5.7 

0.07 

1.51 

F 

-12398 

18 

42 

+  59 

8.2 

0.33 

0.0069 

F 

31  Aquilae 

19 

20 

+  12 

5.3 

0.06 

3.39 

M 

Br.  2459 

21 

+  25 

6.0 

0.06 

1..55 

Y 

$  Pegasi 

a  Piscium  Aust. 

42 
52 

+  12 
-30 

4.1 
1.4 

0.09 
0.14 

3.63 
20.0 

Y 
K 

LI.  37120-1 

30 

+  33 

7.0 

0.06 

0.62 

Y 

Lac.  9352 

22 

59 

-36 

7.1 

0.29 

0.024 

K 

o-  Draconis 

33 

+  69 

4.7 

0.20 

0.47 

F 

a  Pegasi 

23 

0 

+  15 

2.6 

0.09 

15.8 

P 

i)-  Cygni 

34 

+  .50 

4.6 

0.07 

4.17 

Y 

Fed.  4371 

1 

+  68 

7.5 

0.06 

0..39 

Y 

a  Aquilae 

46 

+   9 

1.1 

0.24 

8.71 

M 

LI.  38287 

19 

58 

+  15 

7.0 

0.09 

0.28 

Y 

Br.  3077 

8 

+  57 

6.0 

0.14 

0.29 

K 

LI.  38383 

20 

0 

+  23 

7.0 

0.11 

0.19 

Y 

W.B.XXIII,175 

12 

-14 

8.2 

0.05 

0.30 

F 

15  Sagittae 

0 

+  17 

6.0 

0.17 

0.18 

Y 

LI.  45755 

17 

+  44 

7.3 

0.04 

1.23 

Y 

LI.  38380 

0 

+  30 

5.8 

0.04 

4.27 

Y 

I  Piscium 

35 

+   5 

4.3 

0.15 

1.20 

Y 

Gr.  3042 

4 

+  53 

5.7 

0.06 

2.04 

Y 

LI.  46650 

44 

+   2 

8.7 

0.22 

0.010 

M 

P.,  XX,  23 

7 

+  16 

7.0 

0.08 

0.35 

Y 

85  Pegasi 

57 

+  27 

5.7 

0.07 

1.55 

M 

•Leavenworth. 

IDE  Ball.,  A»t.  Nac 

h.  2667. 

*  Bergstrand,  Ast.  Nach. 

3734. 

t  JOST,  Ast. 

Nach.  3888. 

}  JOST,  As 

.  Nadi.  3888 

SECULAR    PERTURBATIONS  OF  MABS  FROM 

By  eric  DOOLITTLE. 
The  elements  employed  in  the  following  computation 
are  from  Dr.  G.  W.  Hill's  "  New  Theorrj  oj  Jupiter  and 
Saturn,"  pages  192  and  554  : 

Mars. 

rr  =  .333°  17  51*74 

i  =        1  51     2.24 

9,  =  48  23  54.59 

e  =  0.093  26803 

n  =  689  050".784 

logo  =  0.182  8971 

m  =  1^3  093  500 
Epoch  1850.0  G.M.T. 


THE  ACTION  OF    VENUS, 


Q. 


Venus. 

=  129°  27  42.83 
=  3  23  35.01 
=  75  19  53.08 
=  0.006  84311 
=  2  106  641".357 
=  9.859  3378 
=   1^408134 


log  a 

TO 

Epoch  1850.0  G.M.T 


The  values  obtained  for  the  preliminary  constants  are 
as  follows  : 
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/ 

= 

1 

56 

2.460 

77 

= 

232 

IS 

22.07 

/I' 

= 

2S 

26 

43.81 

A' 

= 

203 

52 

27.49 

K' 

= 

203 

50 

49.03 

log  k  =  p9.9999  439 

log  k'  =  p9.999S0S7 

logc    =  p5.3891826 

c   =  +0.0000  24500  932 


The  orbit  of  Mars  was  divided  into  twelve  parts  in 
regard  to  the  eccentric  anomaly;  the  sums  of  the  functions 
corresponding  respectively  to  the  odd  and  even  points  of 
division  were  in  as  close  agreement  as  could  have  been 
anticipated  when  the  high  eccentricity  of  the  orbit  of 
Mars  is  considered.  After  the  computation  was  finished 
it  was  duplicated  from  the  beginning,  the  form  of  the 
equations  being  changed  as  much  as  possible  in  the  dupli- 
cation. All  known  tests  were  also  applied  ;  the  equation 
arising  from  the  constancy  of  the  major- axis, 

sin  qr'  .  i  ^4!"  +  cos  q  .  Bo'  =  0 

was  found  to  give  the  residual  +0.000,000,007. 

If  the  mass  of  Venus  is  left  indefinite  the  values  of  the 
differential  coefficients  are  as  follows  : 

log  coeff. 

[4^1  =    +       324.6318  m'         p2.511 39105 

L  ut  Joo 

f-^l  =    +201915.56      m'         p5.305 16975 
L  »'  Joo 


L  dt 


=   -     5236.2608  m'        n3.719  02125 


[dSil  ^   -1-126021.28      7n'        7)5.100  4439 
L  "f  Joo 

f-^l  =   +201981.28      m'        p5.305  31115 

L  "f  Joo 

1-^1=    +1681713.6      m'         7)6.225  7520 

The  Flower  Ohservatory,   1907  June  20. 


If  we  adopt  the  above  value  of  m',  (m'  =  1-^408  134), 

the  following  results  are  obtained  : 


=    +0.00079  54049 


^  I  =    +0.49472  856 
at  Joo 


[-1=    - 
L  dt  Joo 

rdO,!  _ 
L  dt  Joo 


0.01282  9757 
+  0.30877  426 
=    +0.49488  961 
=   +4.12049  33 


The  results  obtained  by  LeVerrier  were  published  in 
the  Annales  de  V Ohservatoire  de  Paris,  Tome  II,  page  59 
and  Tome  VI,  page  189  ;  those  obtained  by  Newcomb 
are  in  "The  Secular  Variations  of  the  Orbits  of  the  Four 
Inner  Planets,"  pages  336  and  378.  If  these  results  are 
all  reduced  to  the  above  value  of  to',  they  will  compare 
with  those  here  given  as  follows  : 


LeVeurieb  Newcomb 


Method  of 

Gauss 


+  0.000  80         +0.000  79         +0.000  795 


.04618         +0.04614         +0.046  1574 


L  '^^  Joo 

sinif^  I   =    +0.009  93  +0.009  98         +0.009  972 

L  dt  Joo 

TA]  =    -0.012  80         -0.012  84         -0 

L  dt  Joo 

[-1   = 
L  dt  Joo 


-4.117 


012  830 
+  4.120  493 
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NO.  22 


1906  Oct. 

6 

15 

15 

96.66  (5) 

16 

13 

40 

97.16  (5) 

30 

13 

0 

97.08  (5) 

Nov. 

10 

12 

15 

96.96  (5) 

13 

12 

50 

96.53  (5) 

1907  Feb. 

3 

13 

0 

91.83  (5)* 

5 

6 

0 

92.64  (5) 

19 

7 

45 

92.56  (6) 

*  Seeing  so  excessively  bad  that  belts  only  seen  once  in  a  while. 

Following  are  the  computed  values  of  the  apparent  semi- 
diameters  of  Jupiter  used  in  the  reductions.  They  are 
from  my  values  of  the  diameters  of  the  planet  printed  in 
A.J.  325. 


OBSERVATIONS    OF    THE    FIFTH    SATELLITE    OF    JUPITER    AT    THE 

OPPOSITION   OF   1906-7, 

Bv  E.  E.  BARNARD. 

During  the  opposition  of  1906-7,  the  atmospheric  con- 
ditions were  very  pooi-  for  observations  of  such  a  faint  ob- 
ject as  the  fifth  satellite  of  Jupiter.  The  great  brilliancy  of 
the  planet  itself  made  the  sky  near  the  disc  very  white 
when  the  seeing  was  poor,  and  the  satellite  became  lost  in 
this,  not  only  from  its  blurred  image,  but  also  for  the  want 
of  contrast  by  a  dark  background.  The  present  nearness 
of  the  planet,  therefore,  does  not  seem  to  have  been  so 
favorable  for  observations  of  this  satellite  as  others  appar- 
ently less  favorable  in  point  of  distance. 

At  the  observations  of  Dec.  8,  the  measures  had  to  be 
hurriedly  closed,  as  the  telescope  was  wanted  for  other 
work.  In  the  haste  I  failed  to  record  the  reading  of  the 
position-circle  for  the  setting  of  the  wires.  They  had  been 
placed  closely  parallel  with  the  belts,  so  that  they  will  not 
differ  very  much  from  the  position-angle  determined  for 
the  belts  that  night. 

In  the  observations  of  this  object  the  proximity  of  one  or 
the  other  of  the  bright  satellites  is  often  a  source  of  annoy- 
ance, and  in  some  cases  the  faint  satellite  is  entirely  lost 
because  of  the  brightness  of  the  larger  one.  This  was  es- 
pecially the  case  on  Dec.  18.  At  the  first  measures  on  that 
date  when  satellite  V  was  west  of  the  planet,  satellite  I  was 
near  and  made  it  exceedingly  difficult  to  see  the  faint  sat- 
ellite, and  finally  stopped  the  observation.  Then  later  in 
the  night,  when  the  satellite  was  on  the  east  .side,  satellite  I 
had  passed  to  that  side  of  the  planet  also  and  again  inter- 
fered and  for  awhile  entirely  blotted  out  V. 

The  observations  are  in  Central  Standard  Time 
(6''  0'"  0'  slow  of  G.M.T.). 

Following  are  determinations  of  the  position-angles  of 
the  belts  of  Jupiter.     The  numbers  in  parenthesis  are  the        The  wires  were  set  parallel  to  the  belts  of  Jupiter,  but  the 
independent  settings  of  the  wires.  observations  were  interrupted,  and  I  failed  to  get  the  read- 

ings of  the  position-circle. 

The  satellite  was  well  seen,  but  observations  could  not  be 
carried  further,  as  the  telescope  was  required  for  other 
work. 

(177) 


1906  Sept.  15 

15      5 

96.29  (6) 

29 

15     40 

96.38  (5) 

Oct.     2 

14     20 

96.30  (5) 

Apparent 
Polar  Semidiameter 

Apparent 
Equatorial  Semidiameter 

1906  Dec.    8 

22.187 

15 

22.368 

18 

22.413 

23.908 

1907  Feb.     5 

22.615 

The  measures  of  the  satellite  follow: 


S.\TELLiTE  Preceding. 

1906  Dec.  8 

From  limb 

Appt.  latitude 

Obs. 

12        9     30 

19.96 

+  2.23 

5 

From  N.  limb 

12     13     12 

25.88 

+  3.70 

6 

S.    " 

12     17     29 

19.57 

+  2.62 

6 

N.  " 

12     21     45 

25.43 

+  3.24 

5 

S.    " 
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Satellite  Following. 


1906  Dec 

15 

From  limb 

Appt.  latitude 

;   Obs 

le"  ss" 

20' 

24"3o 

+ 1'!98 

6 

From 

S.  limb 

16     41 

58 

21.46 

+  0.91 

6 

N.   " 

16     46 

10 

24.35 

+  1.98 

6 

S.  " 

16    50 

19 

21.48 

+  0.89 

6 

N.   " 

16    54 

17 

23.71 

+  1.34 

6 

S.  " 

16     58 

5 

21.62 

+  0.75 

6 

N.   " 

17      2 

11 

23.59 

+  1.23 

6 

S.  " 

17      6 

10 

21.86 

+  0.51 

6 

N.   " 

17     10 

36 

23.45 

+  1.08 

6 

S.  " 

17     23 

44 

21.95 

+  0.42 

4 

V. faint 

N.   " 

Po.sitioii-aiigle  of  wires  95°.87. 

Satellite  fairly  well  seen  in  most  of  the  measures.  Sky 
very  transparent.  In  the  above  measures  there  seems  to 
be  a  constant  difference  of  about  1"  in  the  apparent  lati- 
tudes as  determined  from  the  N.  and  S.  limbs,  which  I  am 
unable  to  account  for. 

S.\TELLiTE  Preceding. 
1906  Dec.  18      From  limb    Appt.latitude  Obs. 

9'   is"  27'         23.77  -1.35          5  From  N.  hmb 

9     23     12         21.34  -  1.07          5  S.      " 

From  limb  From  center  Obs. 

9     32     21          32.65  56.55          3  From  P.  Hmb 

9     43     53          34.31  58.22          3  P.      " 

9     54     11          35.10  59.01          2  P.      " 

Position-angle  of  wires  at  latitude  measures  94°.85. 
Very  poor  seeing  and  a  bright  satellite  near  makes  the 
measures  very  difficult. 

(Continued.) 
S.\tellite  Following. 

From  limb     Appt.  latitude  Obs. 
h  m  8  »  " 

limb 


15 

18 

47 

23.26 

+  0.84 

3 

From  S. 

15 

20 

21 

23.35 

+  0.94 

3 

S. 

15 

21 

51 

21.42 

+  0.99 

3 

N. 

15 

23 

17 

22.26 

+  0.15 

3 

N. 

Position-angle  of  wires  93°. 75. 


From  limb     From  center    Obs. 


15 

26 

3{) 

32.20 

56.11 

3 

15 

28 

38 

32. .58 

56.49 

4 

15 

30 

47 

80.73 

56.83 

3 

15 

32 

48 

81.26 

57.36 

4 

15 

35 

11 

33.70 

57.61 

3 

15 

37 

25 

33.73 

57.64 

4 

15 

40 

22 

81.96 

58.05 

3 

15 

42 

19 

82.40 

58.49 

4 

15 

44 

22 

34.60 

58.51 

3 

15 

46 

33 

34.86 

58.77 

4 

15 

49 

16 

83.33 

59.42 

3 

15 

51 

40 

83.57 

59.64 

5 

15 

53 

59 

25.15 

59.06 

3 

15 

55 

44 

35.63 

59.53 

3 

From  F.  limb 

F.  " 

P.  '' 

P.  " 

F.  " 

F.  " 

P.  " 

P.  " 

F.  " 

F.  " 

P.  " 

P.  " 

F.  " 

F.  " 


From  limb     From  center    Obs. 


15  58   4 
15  59  42 


21 

12 

3 

31 


16  10  44 

16  13  17 

16  16  9 

16  18  41 

16  20  46 

16  22  50 


35.48 
35.44 
35.23 
83.68 
84.56 
35.22 
35.31 
34.81 
34.87 
35.42 
35.09 
35.10 


59.39 
59.35 
59.14 
59.77 
60.65 
59.13 
59.22 
58.71 
58.78 
59.33 
58.99 
59.00 


From  F.  limb 
F.  " 
F. 
P. 
P. 
F. 
F. 
F. 
F. 
F. 
F. 
F. 


The  proximity  of  satellite  I  completely  blotted  out  V  for 
half  an  hour  at  this  time. 


(Continued.) 
From  limb  Appt.  latitude 


53 

57 

1 

4 

7 

10 


39 
42 
54 
53 

49 


23.51 
23.80 
21.08 
21.53 
24.16 
24.49 


-1.10 
-1.38 
-1.33 

-0.88 
-1.75 
-2.0s 


From  N.  limb 
N.      '■ 

S.      " 
S.      " 

N.      " 
N.      " 


Position-angle  of  wires  93°. 75. 

The  phase  correction  on  preceding  limb  was  0".02,  but 
las  not  been  applied  in  the  observations. 


From  limb    From  center     Obs. 


0  58 

1  1 


1       8 


27 
3 


1  12  27 

1  15  40 

1  18  53 

1  21  11 

1  25  58 

1  28  50 

1  32  22 

1  36  7 


38  45 
41  22 


1  44  15 

1  47  52 

1  51  23 

1  58  7 

2  4  25 


8  55 
10  40 


30..30 
30.41 
31.34 
76.34 
76.77 
31.81 
32.59 
32.81 
32.92 
33.89 
34.21 
33.60 
33.87 
33.78 
34.05 
33.28 
34.04 
34..33 
33.91 
33.27 
32.23 
32.33 


52.71 
52.81 
53.74 
53.72 
54.16 
54.22 
55.00 
55.22 
55.33 
55.29 
56.61 
56.00 
56.28 
56.19 
56.46 
55.69 
56.45 
56.74 
56.31 
55.67 
54.64 
54.74 


From  F.  limb 

F.  '• 

F.  " 

P.  " 

P.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 

F.  " 


The  satellite  was  seen  with  the  utmost  difhcult}'  through- 
out. Sky  whitish  and  bad  seeing.  The  phase,  for  which 
the  measures  have  been  corrected,  was  0".20S  on  the  fol- 
lowing limb. 


Terkes  Obaervatory,  1907  June  ?>. 
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SUNSPOT   OBSERVATIONS, 

MADE   AT   EERWYN,    PENN.,    WITH    A   41-INCIl   KEFKACTOK, 

By  A.  W.  QUIMBY. 


1907 

Time 
8 

Grs 

5 

1       T 
Grs. 

6 

otal 

1  Spots 

44 

Fae 
Grs 

2 

Def. 

1907 

Time 

New 
Grs. 

Total 
Grs.  [Spots 

Fac 
Grs 

Def. 

1907 

Time 

New 
Grs. 

Total 
Grs.  1  Spots 

Fac 
Grs 

Def. 

Jan.     1 

fair 

Mar.    8 

2 

_ 

5 

55 

3 

fair 

May    4 

4 

_ 

2 

28 

2 

fair 

2 

8 

- 

5 

24 

2 

pool- 

9 

4 

- 

4 

38 

2 

fair 

5 

6 

- 

2 

32 

2 

fair 

4 

2 

1 

6 

38 

1 

fail- 

11 

8 

- 

4 

17 

2 

poor 

6 

9 

- 

2 

40 

2 

fair 

5 

9 

- 

6 

59 

2 

fair 

12 

7 

- 

3 

12 

2 

fair 

8 

7 

2 

4 

36 

1 

fair 

6 

8 

- 

6 

54 

3 

fair 

13 

6 

- 

3 

7 

3 

poor 

9 

5 

- 

3 

32 

1 

fair 

7 

8 

- 

2 

19 

2 

fair 

14 

12 

- 

4 

11 

2 

fair 

10 

7 

- 

2 

34 

1 

fair 

9 

8 

2 

3 

11 

2 

poor 

15 

5 

4 

7 

11 

4 

fair 

11 

7 

- 

2 

30 

1 

fair 

10 

8 

1 

5 

24 

2 

fair 

16 

9 

1 

8 

15 

4 

fair 

12 

7 

- 

2 

36 

2 

fair 

11 

9 

1 

4 

22 

3 

fair 

17 

7 

- 

6 

14 

4 

fair 

13 

7 

- 

2 

21 

2 

fair 

20 

8 

3 

4 

18 

2 

poor 

18 

7 

- 

4 

8 

3 

fair 

14 

7 

2 

4 

24 

2 

fair 

21 

8 

1 

4 

11 

2 

poor 

20 

7 

- 

3 

12 

2 

fair 

15 

6 

- 

4 

14 

3 

fair 

22 

4 

- 

2 

5 

- 

poor 

21 

7 

- 

3 

8 

2 

fair 

17 

6 

1 

2 

4 

2 

fair 

23 

8 

1 

5 

18 

2 

poor 

22 

7 

- 

2 

7 

1 

poor 

-       18 

7 

- 

2 

5 

2 

fair 

24 

8 

1 

6 

14 

2 

poor 

23 

7 

- 

2 

8 

2 

poor 

19 

7 

1 

2 

2 

2 

fair 

25 

9 

- 

6 

12 

2 

poor 

24 

7 

- 

2 

13 

2 

fair 

20 

5 

1 

3 

7 

2 

fair 

26 

4 

- 

5 

12 

3 

good 

25 

7 

- 

2 

5 

2 

fair 

21 

6 

- 

3 

5 

2 

fair 

27 

8 

- 

4 

7 

2 

poor 

26 

10 

1 

2 

3 

2 

poor 

22 

6 

- 

3 

4 

1 

fair 

2S 

2 

2 

5 

14 

2 

fair 

27 

8 

- 

2 

3 

2 

poor 

23 

9 

1 

4 

5 

2 

fair 

29 

8 

1 

6 

22 

1 

fair 

28 

8 

- 

1 

2 

2 

fair 

24 

7 

- 

1 

3 

- 

poor 

30 

8 

- 

6 

18 

1 

fair 

29 

8 

2 

3 

5 

2 

fair 

25 

6 

1 

2 

6 

3 

fair 

31 

8 

1 

7 

48 

2 

fair 

30 

7 

- 

2 

2 

1 

fair 

27 

4 

- 

1 

1 

2 

fair 

Feb.     1 

10 

- 

6 

25 

1 

poor 

Apr.     1 

4 

3 

5 

20 

2 

fair 

28 

6 

- 

2 

6 

2 

fair 

2 

12 

- 

4 

60 

3 

good 

2 

8 

- 

4 

15 

2 

fair 

29 

6 

1 

3 

4 

3 

fair 

3 

8 

- 

4 

40 

2 

poor 

3 

7 

- 

5 

17 

3 

fair 

30 

6 

- 

2 

2 

2 

fair 

5 

4 

3 

7 

31 

3 

poor 

4 

7 

- 

4 

34 

3 

fair 

31 

6 

- 

2 

2 

2 

fair 

6 

2 

1 

7 

45 

2 

fair 

5 

7 

1 

4 

28 

1 

fair 

June    3 

7 

1 

2 

5 

1 

fair 

7 

9 

- 

7 

44 

3 

poor 

6 

8 

- 

4 

18 

1 

fair 

4 

7 

1 

3 

7 

3 

fair 

8 

2 

- 

6 

50 

2 

fair 

7 

9 

- 

4 

14 

1 

poor 

5 

9 

- 

2 

3 

3 

fair 

9 

3 

- 

5 

55 

2 

fair 

8 

4 

- 

4 

17 

1 

poor 

6 

7 

1 

3 

5 

2 

fair 

10 

8 

- 

5 

38 

2 

poor 

9 

4 

- 

1 

2 

- 

poor 

7 

7 

- 

2 

3 

2 

fair 

11 

8 

1 

6 

53 

2 

poor 

10 

7 

- 

4 

16 

3 

fair 

S 

4 

- 

2 

2 

2 

fair 

12 

8 

1 

7 

84 

2 

poor 

11 

7 

- 

3 

12 

5 

fair 

9 

6 

1 

3 

3 

3 

fair 

13 

8 

- 

6 

SO 

1 

fair 

12 

8 

- 

3 

3 

2 

poor 

10 

6 

2 

3 

4 

3 

fair 

14 

8 

1 

6 

54 

3 

poor 

13 

5 

2 

4 

15 

1 

fair 

11 

11 

- 

2 

4 

1 

poor 

15 

8 

- 

5 

64 

3 

poor 

14 

7 

- 

4 

12 

3 

poor 

12 

7 

- 

2 

14 

1 

poor 

16 

8 

1 

5 

46 

3 

fair 

15 

7 

- 

2 

12 

3 

fair 

13 

6 

2 

5 

19 

2 

fair 

17 

8 

_ 

4 

56 

2 

fair 

16 

4 

- 

1 

12 

3 

fair 

14 

5 

- 

5 

33 

1 

fair 

18 

8 

- 

4 

23 

2 

fair 

17 

7 

- 

1 

10 

1 

poor 

15 

6 

- 

5 

33 

1 

fair 

19 

9 

1 

4 

20 

1 

fair 

18 

7 

- 

2 

13 

2 

fair 

16 

6 

- 

4 

37 

2 

fair 

21 

8 

1 

5 

28 

1 

fair 

19 

5 

2 

3 

7 

3 

poor 

17 

6 

- 

4 

64 

2 

good 

92 

8 

- 

5 

30 

1 

fair 

20 

7 

- 

3 

7 

2 

fair 

18 

6 

- 

3 

78 

3 

good 

23 

4 

1 

6 

46 

3 

fair 

21 

7 

1 

4 

27 

3 

fair 

19 

6 

- 

3 

94 

3 

good 

24 

8 

1 

7 

28 

2 

fair 

22 

7 

_ 

3 

12 

2 

fair 

20 

6 

- 

2 

65 

3 

good 

25 

8 

_ 

6 

22 

1 

fair 

23 

4 

- 

3 

7 

1 

poor 

21 

6 

- 

1 

50 

4 

fair 

26 

8 

_ 

5 

11 

2 

poor 

24 

7 

- 

3 

7 

1 

fair 

22 

6 

- 

1 

94 

3 

good 

27 

8 

2 

7 

12 

2 

poor 

25 

7 

1 

3 

14 

2 

fair 

23 

6 

- 

1 

65 

2 

fair 

28 

S 

1 

7 

10 

3 

poor 

26 

7 

- 

2 

12 

2 

fair 

24 

7 

- 

1 

34 

4 

fair 

Mar.     1 

8 

_ 

5 

20 

3 

fair 

27 

4 

- 

2 

10 

2 

fair 

25 

6 

2 

3 

30 

2 

fair 

2 

3 

1 

7 

20 

3 

fair 

28 

4 

- 

2 

12 

3 

fair 

26 

6 

- 

2 

2 

3 

fair 

3 

8 

_ 

7 

23 

3 

fair 

29 

4 

_ 

2 

12 

3 

fair 

27 

6 

- 

1 

2 

3 

fair 

4 

8 

1 

8 

27 

3 

fair 

30 

8 

- 

2 

6 

2 

fair 

28 

6 

- 

1 

5 

2 

fair 

5 

8 

- 

7 

28 

3 

fair 

May     1 

8 

1 

1 

1 

1 

poor 

30 

7 

- 

1 

fi 

1 

poor 

6 

11 

_ 

6 

20 

4 

fair 

2 

7 

- 

1 

1 

- 

poor 

7 

8 

- 

5 

24 

3 

fair 

3 

4 

2 

2 

2 

8 

fair 
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ELEMENTS   AND   EPHEMERIDES   OF   PLANET    1907  XP, 

By  ASAPH  HALL,  Jr. 
[Communicated  by  Rear-Admiral  Asa  Walker,  U.S.N.,  Superintendent  U.S.  Naval  Observatory.] 


From  three  of  the  observations  made  by  Messrs.  Ham- 
mond and  Frederickson  with  the  26-inch  equatorial  on 
February  14,  March  2,  and  March  20,  1907,  I  have  com- 
puted the  following  elements  and  ephemerides  of  Asteroid 
1907,  XP.  A  comparison,  made  by  Mr.  H.^mmonp,  of  the 
Washington  observations  with  the  ephemeris  is  also  given. 
This  asteroid  is  one  of  those  found  by  the  Reverend  J.  H. 
Metcalf. 

To  find  the  elements,  the  method  of  Gauss  was  used,  as 
given  in  the  Theoria  Motus,  translation  into  English  of 
Davis,  pp.  185  and  following.  The  dates  of  the  ephemeris 
for  1907  include  all  the  Washington  measures.  It  is  sent 
for  possible  use  in  the  reduction  of  observations  which  have 
been  made. 

I  have  been  interested  to  read  in  the  journals  criticisms 
of  the  various  methods  of  computing  orbits.      Apparently 


some  of  the  writers  fail  to  notice  the  statement  made  by 
Gauss,  Theoria  Motus,  as  referred  to  above,  p.  205.  "It 
is  incorrect  to  call  one  method  more  or  less  exact  than 
another.  That  method  alone  can  be  considered  to  have 
solved  the  problem  by  which  any  degree  of  precision  what- 
ever is,  at  least,  attainable.  Wherefore  one  method  excels 
another  in  this  respect  only,  that  the  same  degree  of  pre- 
cision may  be  reached  by  one  more  quickly,  and  with  less 
labor,  than  by  the  other. " 

In  the  case  of  this  orbit  it  was  necessary  to  recompute 
but  once  the  P  and  Q  of  Gauss.  Probably  the  original 
assumptions  would  have  been  sufficient.  The  checks 
given  for  Q,  and  <■)  were  not  exactly  satisfied,  values  being 
found  which  differed  by  about  3".  But  as  nothing  more 
was  desired  than  very  approximate  elements,  the  computa- 
tions were  not  examined. 


1907  March  2.5,  Berlin  Mean  Time. 

M  =  171  51  57J5 
0)  =  294     7  53.9    )  cu, 

9,  =    35  24  23.5    ^1907.0     9,i 
i  =      7  56  27.7    )  h 

<^  =      9  57  10.5 
^  =  714".6833 
log  a  =   0.463929 

For  the  middle  observation  in  the  sense  Computed  — 
Observed 

dXcos/3  =  -2".l     ,     dl3  =  +0".6 

For  1907.0  and  1908.0  the  heliocentric  equatorial  co- 
ordinates are  as  follows,  the  ephemerides  being  computed 
from  these  co-ordinates: 


294     7  56.2 
35  25  11.45 

7  56  27.8 


1908.0 


1907.0 


.T  =  )i;9.998605]  sin  (  59  16  40.35 +  iO 

V  =  ?-[9.938265]  .sin  (331  55  1.4  +v) 

z  =  r[9.702307]  sin  (321  21  54.65  +  t') 

1908.0 

X  =  ?-[9.998603]  sin  (  59°  17  30.5  +  1)) 

n  =  r[9.938270]  sin  (331  55  54.3  +  2;) 

;-  =  ([9.702294]  sin  f321  22  34.2  +  1'; 


Mean  Equinox  of  1907.0 


1907  Berlin  M.T. 

a 

S 

log  A 

Ab. 

time 

Feb.    6.5 

9 

5f 

57.29 

+  24 

2.3 

56.8 

0.386049 

20° 

12'.3 

10.5 

9 

48 

27.03 

24 

40 

16.5 

0.3S.5680 

20 

12.1 

14.5 

9 

44 

54.12 

24 

55 

6.2 

0.3S6191 

20 

12.7 

18.5 

9 

41 

21.94 

25 

8 

10.9 

0.387568 

20 

16.6 

22.5 

9 

37 

53.95 

25 

19 

20.2 

0..389788 

20 

22.8 

26.5 

9 

34 

33.30 

25 

28 

23.9 

0.392815 

20 

31.4 

Mar.    2.5 

9 

31 

22.86 

25 

35 

18.5 

0.396597 

20 

42.2 

6.5 

9 

28 

25.13 

25 

40 

0.6 

0.401088 

20 

55.1 

10.5 

9 

25 

42.47 

25 

42 

30.7 

0.406222 

21 

10.0 

14.5 

9 

23 

16.96 

25 

42 

49.8 

0.411940 

21 

26.8 

18.5 

9 

21 

10.34 

25 

41 

2.2 

0.418169 

21 

45.4 

22.5 

9 

19 

23.71 

25 

37 

13.3 

0.424838 

22 

5.6 

26.5 

9 

17 

57.92 

+  25 

31 

29.5 

0.431873 

22 

27.3 

Opposi 

ion  in  « 

February 

13. 
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1907 

O— C      O— C 

8 

1907 

0-C      O— C 

a                 8 

Feb. 14 

+  0'09     - 

1.0 

Mar.    2 

+o'.01      -o"6 

15 

+  0.14     - 

2.4 

6 

+  0.02     -1.3 

18 

+  0.17     - 

1.9 

11 

+  0.09     +0.2 

22 

-0.08     +0.6 

15 

+0.15     +2.5 

20 

+0.11      -0.6 

ME.\^ 

Equin 

ox   Of 

1908.0. 

1908  Berlin  M.T. 

a 

8 

log  A 

Ab. 

time 

Mar.  20.5 

13 

56"' 

5^44 

—  S 

0          1 

55 

28.6 

0.354995 

18°" 

487 

24.5 

13 

53 

39.87 

5 

47 

39.2 

0.348524 

18 

32.0 

28.5 

13 

50 

57.91 

S 

38 

50.1 

0.342761 

18 

17.3 

Apr.    1.5 

13 

48 

1.61 

S 

29 

5.4 

0.337784 

18 

4.8 

5.5 

13 

44 

53.50 

S 

18 

35.5 

0.333654 

17 

54.6 

9.5 

13 

41 

36.33 

§ 

7 

34.5 

0.330418 

17 

46.6 

13.5 

13 

38 

14.31 

7 

56 

17.5 

0.328115 

17 

40.9 

17.5 

13 

34 

47.83 

7 

44 

58.9 

0.326743 

17 

37.6 

21.5 

13 

31 

22.25 

7 

33 

52.6 

0.326331 

17 

36.6 

25.5 

13 

28 

0.07 

7 

23 

14.2 

0.326864 

17 

37.9 

29.5 

13 

24 

44.25 

7 

13 

17.9 

0.328330 

17 

41.5 

Mav    3.5 

13 

21 

37.93 

7 

4 

19.6 

0.330685 

17 

47.2 

7.5 

13 

IS 

43.83 

6 

56 

32.7 

0.333880 

17 

55.1 

11.5 

13 

IG 

4.19 

6 

50 

8.4 

0.337848 

IS 

5.0 

15.5 

13 

13 

40.93 

- 

-6 

45 

16.4 

0.342517 

IS 

16.7 

Wo  =  12.35  g  =  8.65 

Opposition  in  «  April  15.     Mag.  =  12.75 


THE   ECCENTRICITY   OF   THE   ORBIT   OF  CO^IET   1894  II, 

By  henry  A.  PECK. 


Several  years  ago  I  published  in  A.J .  496-7  a  definitive 
orbit  of  Comet  1894  IL  While  the  orbit  is  distinctly  elliptic 
in  its  character,  yet  it  is  indeterminate  within  certain  lim- 
its. Owing  to  lack  of  experience  this  indetermination  was 
stated  in  terms  of  the  Schonfeld  function  ()v.  More 
mature  reflection  has  convinced  me  that  the  elements 
should  be  transformed  so  that  they  would  be  functions  of 
the  correction  to  the  eccentricity.  In  the  present  state  of 
comet  theory,  this  element  is  the  most  important.  It  is 
of  especial  interest  to  find  within  what  limits  it  can  vary 
without  bringing  the  orbit  into  conflict  with  the  observa- 
tions vipon  which  it  rests. 


A  reference  to  the  paper  in  question,  shows  that  the  ob- 
servations extended  over  four  and  one-half  months,  during 
which  time  the  comet  covered  eleven  hours  in  right  ascen- 
sion and  ninety-eight  degrees  in  declination.  This  long 
series  of  observations  was  united  into  eleven  normal  places 
and  the  twenty-two  equations  of  condition  were  formed 
according  to  the  method  of  Schonfeld.  On  account  of 
their  lack  of  homogeneity,  new  variables  were  substituted 
and  the  revised  equations  were  united  into  the  follow- 
ing normals,  the  coefficients  being  given  by  their  loga- 
rithms: 


+  0.6147W  -0.5974  !•  -0.5104  w  -0.4745  a-  -h0.0047(/  -F-9.85112  -1-0.3446  =  0 


-0.5974 
-0.5104 
-0.4745 
+  0.0097 
+  9.8511 


+  0.6407 
+  0.6311 
+  0.2490 
-9.8430 

+  8.0682 


+  0.6311 
+  0.7734 
+  9.6764 
+  9.6895 
+  0.4479 


+  0.2490 
+  9.6764 
+  0.7088 
-0.1941 
-0.2638 


-  9.8430 
+  9.6895 
-0.1941 
+  0.4111 

+  0.4148 


+  8.0682 
+  0.4479 
-0.2638 
+  0.4148 
+  0.7317 


-9.9619 
+  9.3304 
-0.6394 

+  S.7076 
+  0.0149 


The  quantity  xo  is  a  function  of  the  form 


0.6783  — f-  d 


where  q  a  and  e  denote  the  perihelion  distance,  the  semi- 
major  axis  and  the  eccentricity.  It  is  therefore  the  quan- 
tity in  terms  of  which  the  remaining  variables  are  to  be 
expressed.     Using  the  G.\uss  method  of  substitution 
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u  -9.9827  V  -  9.8598  .r  +9.3900  ?y  +9.2364  0  =  -9.7299  +9.8957  w 

V  - 0.2824  .r  +9.6836?/  +0.0857  z  =  -0.3268  -  0.3106  w 

X  -9.5476  7/  +7.9293  3  =  +9.7090  -  9.6201  tt> 

V  +0.0008  2  =  +9.7706  -  9.6096  u) 

z  =  -9.2548  -  9.6703  w 


and  therefore 


log  u  =  -9.9386 

log  y  =  -9.8874 

log.r  =  +9.8946 

logy  =  +9.8863 

logs  -  -9.2548 


-0.2033W 
-0.3530to 
-  9.5924ty 
+  8.7919ty 
-9. 6703  it' 


Usina;  the  relations  stated  in  the  article  cited  above 


log  3k  =  -0.1234  +9.2982 9e 

log^  =  -9.8535  +9.2292  ae 

log  dq  =  +0.0608  +8.6687  9e 

log'<9X=  +0.2187  -8.0344  06 

log^v  =  -9.9060  +9.2306  c>e 


From  these  are  found  as  corrections  to  the  elements 

dT  =  -0.000281  +0.00006689e 

^o,  =  -1".28  +0.204^^6 

dSi=  -0  .87  - 0.090 ae 

9i    =  -1  .62  +0.144  o»e 


dg 


-  0.0000056  +  0.000000226  de 


When  these  corrections  are  substituted  in  the  equations 
of  conchtion  the  most  probable  value  of  9e  is  243"  and  if 
this  value  of  c?e  is  varied  the  following  table  may  be  con- 
structed : 


de 

pvv 

0 

1711 

-199 

50 

1512 

154 

+  45 

100 

1358 

107 

47 

150 

1251 

62 

45 

200 

1189 

-  16 

46 

Syractise  University,  1907  Aug.  20. 


de 

p  vv 

250 

1173 

+ 

28 

44 

300 

1201 

74 

46 

350 

1275 

119 

45 

400 

1394 

166 

47 

450 

1560 

+ 

212 

46 

500 

1772 

It  is  here  to  be  noted  that  for  fifty  seconds  on  either  side 
of  the  most  probable  value  of  3e.  pvv  shows  only  a  slight 
proportionate  change.  In  the  following  elements,  the  cor- 
rection to  the  eccentricity  is  assumed  as  —  250"  and  there 
is  given  the  variation  of  the  remaining  elements  correspond- 
ing to  a  variation  of  ±  100"  in  the  eccentricity. 

T  =  April  13.038995     ±0.00668  Gr.M.T. 

w  =  324  11  30.7  ±20".4) 

Q  =  206  24  15.9  +  9.0  [  1894.0 

i  =     86  58  41.5  ±14.4) 

q  =  0.983032  ±0.000024 

e  =  0.989889  ±0.000485 

according  to  the  above  equations 

Dv  =  -0".805     +0.170  r>e 

therefore  when  9e  =  —250",  3i'  =  —43". 3  and  these 
elements  are  found  to  be  identical  with  those  previously 
published  when  the  value  of  e  is  then  corrected  by  remov- 
ing the  decimal  point  in  the  coefficient  of  Ov  one  place  to 
the  right. 

No  great  reliance  can  be  placed  upon  the  value  of  the 
eccentricity  beyond  the  third  place  of  decimals,  and  the 
I'emaining  places  must  be  considered  as  belonging  to  the 
accidents  of  computation  rather  than  representing  any 
fact.  Translated  into  time  it  represents  a  period  of  about 
nine  hundred  and  fifty-nine  years,  and  a  variation  of  one 
hundred  seconds  in  the  eccentricity  is  equivalent  in  round 
numbers  to  a  variation  of  half  a  century  in  the  resulting 
period. 


REQUEST  FOR  UNPUBLISHED   OBSERVATIONS   OF    U  GEMINORUM, 

By  J.  A.  PARKHURST. 


Mr.  J.  v.\N  DER  BiLT,  Astronomer  at  the  observatory, 

Utrecht,  Holland,  has  undertaken  the  definitive  reduction 

of  all  available  observations  of  this  remarkable  variable, 

and  would  be  very  glad  to  have  copies  of  any  unpublished 

Yerkes  Ohsenalory,  Williams  Bay,   Wis, 


observations,  in  such  detail  that  they  can  be  reduced  by  a 
normal  photometric  light-scale.  They  may  be  sent  to  him 
direct,  address  Maliesingel  58,  Utrecht,  or  if  sent  to  the 
undersigned  they  will  be  transmitted  to  him. 
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MAXIMA   OF   LOXG -PERIOD   VARIABLES, 

By  IDA  WHITESIDE 

The  maxima  of  the  following  long-period  variables  were 

determined    by    the    .single-light    curves,    deduced    from 

observations  made  with  a  four-inch  Dollaxd  telescope. 

The   predicted   times  of   maximum   are  those   given   in 


Ch.\ndler's  "Ephemerides  of  Long-Period  Variables." 
The  last  column  gives  the  authority  for  the  magnitudes  of 
the  comparison  stars  used. 


Star 

Date  of  Maximum 

Predicted  Date 

Mag. 

No.Obs. 

Time  Covered  by  Observations 

Comp.  Star 

434  S  Piscium 

Jan.  18, 

1907 

Dec.  22, 

1906 

9.70 

10 

Oct.   12, 

1906-Mar. 

6, 

1907 

Harvard 

782  R  Arietis 

Jan.   18, 

1907 

Jan.     3, 

1907 

8.20 

11 

Nov.  14, 

1906-Mar. 

IS, 

1907 

Harvard 

1113 

U  Arietis 

Jan.     7, 

1907 

Jan.  10, 

1907 

8.55 

10 

Nov.  14, 

1906-:\Iar. 

20, 

1907 

Harvard 

1222 

R  Persei 

Mar.  13, 

1907 

Mar.  25, 

1907 

9.00 

7 

Jan.  21, 

1907-Apr. 

1, 

1907 

Harvard 

1623 

T  Camelopardalis 

Feb.  21, 

1907 

Mar.    6, 

1907 

8.30 

10 

Jan.   21, 

1907-Apr. 

IS, 

1907 

Hagen 

1717 

V  Taurl 

Mar.  12, 

1907 

Mar.  12. 

1907 

8.75 

9 

Jan.  21, 

1907-Apr. 

IS, 

1907 

Hagen 

1761 

R  Or  ion  is 

Dec.  11, 

1906 

Jan.  25, 

1907 

9.30 

10 

Nov.  14, 

1906-Mar. 

25, 

1907 

Harvard 

180.5 

V  Ononis 

Feb.  17, 

1907 

Mar.  17, 

1907 

9.05 

9 

Jan.  21, 

1907-Apr. 

18, 

1907 

Hagen 

2478 

R  Lijncis 

Nov.    3, 

1906 

Dec.     9, 

1906 

7.25 

12 

Oct.  12, 

1906-Mar. 

6, 

1907 

Harvard 

2625 

V  Geminorum 

Apr.  11, 

1907 

Apr.  24, 

1907 

8.25 

9 

Mar.    6. 

1907-:\Iav 

13, 

1907 

Harvard 

2780 

T  Geminorum 

Apr.     S, 

1907 

Apr.  22, 

1907 

8.60 

12 

Feb.  15, 

1907-Mav 

23, 

1907 

Hagen 

2942 

RT  C'jgni 

June  13, 

1907 

June  26, 

1907 

6.25 

11 

May  13, 

1907-Aug. 

22, 

1907 

B.D. 

2976 

V  Cancri 

Mar.  13, 

1907 

Feb.  22, 

1907 

7.70 

14 

Jan.  11, 

1907-May 

23. 

1907 

Harvard 

3493 

R  Leonis 

Feb.  23, 

1907 

Mar.  12, 

1907 

5.50 

11 

Jan.  21, 

1907-Mav 

3. 

1907 

Harvard 

3825 

R  Ursae  Majoris 

Dec.  28. 

1906 

Jan.  16, 

1907 

7.05 

12 

Nov.  14, 

1906-iIar. 

25. 

1907 

Harvard 

4315 

R  Comae 

June  29. 

1907 

June  29, 

1907 

7.30 

10 

Apr.  11, 

1907- Julv 

IS, 

1907 

Harvard 

4511 

T  Ursae  Majoris 

Apr.  11, 

1907 

Apr.    3. 

1907 

7.90 

15 

Feb.  21, 

1907-Julv 

3, 

1907 

Har\-ard 

4521 

R  Virginis 

Apr.     8. 

1907 

May    2, 

1907 

6.40 

11 

Mar.    6, 

1907- June 

8, 

1907 

Harvard 

4557 

S  Ursae  Majoris 

Julv     4, 

1907 

June  26. 

1907 

7.80 

15 

Apr.  11, 

1907-Aug. 

14, 

1907 

Harvard 

5237 

R  Boot  is 

Mav  18, 

1907 

Mav  18, 

1907 

7.75 

13 

Apr.     1, 

1907-July 

30, 

1907 

Harvard 

5770 

R  Herculis 

June    5, 

1907 

May  10, 

1907 

9.50 

11 

Apr.  11, 

1907-Julv 

30, 

1907 

Harvard 

6512 

T  Herculis 

June  30, 

1907 

June  26, 

1907 

7.80 

11 

-ALiv  13. 

1907  Aug. 

14. 

1907 

Harvard 

Soulh  Cambridge,  X.Y. 


OBSERYATIOXS  OF   COMETS, 

MADE    WITH    THE    11-IXCJI    EvlATOHIAL    AT    .SMITH    COLLEGE   OBSEK VATOP.Y.    NOKTHAMPTOX,    MASS. 

Bv  HARRIET  W.  BIGELOW. 


1906  Gr. 

\I.T. 

* 

Com  p. 

Ja 

j8 

App.  a 

App.  8 

log 

P^ 

j  Red.  to  App.  PI. 

Comet  d  1906  (.Fixl.w)  . 

Aug 

14 

19 

3  28 

1 

7 

S 

+  0 

4.04 

+  1     2.0 

3  42  17.83 

+   7  47  12.8 

9.578 

0.732 

+  1.10 

+  3.0 

15 

19 

35     6 

3 

12 

9< 

-1 

5.50 

-3  57.6 

3  50  36.61 

+  8  31  32.5 

9.544 

0.720 

+  1.09 

+  2.5 

16 

19 

14  17 

5 

/ 

8 

-0 

11.04 

-1  48.0 

3  58  28.86 

+   9  12  45.3 

9.576 

0.722 

+  1.13 

+  2.4 

17 

19 

16     7 

7 

9 

7 

-0 

17.57 

-0     7.1 

4     6  17.27 

+   9  53     1.0 

9.579 

0.719 

+  1.08 

+  1.7 

18 

19 

26  56 

9 

1 

J 

-0 

15.22 

-3  19.1 

4  13  58.09 

+  10  31  44.8 

9.572 

0.713 

+  1.07 

+  1.3 

Sept 

.14 

20 

18  15 

11 

I 

+  0 

24.68 

-0     4.0 

6  37  47.66 

+  19  14  28.3 

9.572 

0.634 

+  1.12 

-5.0 

15 

20 

24     0 

12 

1 

-0 

6.20 

-0  57.8 

6  41  27.16 

+  19  21  49.5 

9.563 

0.628 

+  1.12 

-5.1 

17 

20 

25  50 

14 

6 

-0 

16.90 

-6  13.9 

6  48  30.31 

+  19  34  41.9 

9.560 

0.624 

+  1.13 

-5.4 

18 

19 

28  35 

15 

8, 

8 

+  0 

1.40 

+  3  12.4 

6  51  47.84 

+  19  40  26.2 

9.625 

0.669 

+  1.13 

-5.4 

23 

19 

13  40 

16 

10, 

10 

-0 

12.48 

+  0  56.7 

7     7  44.92 

+  20     4  14.8 

9.6.35 

0.675 

+  1.19 

-6.2 

27 

19 

14     2 

18 

8, 

8 

+  0 

2.13 

+  7     0.2 

7  19  21.24 

+  20  17  57.6 

9.6.32 

0.670 

+  1.26 

-6.8 

Comet  g  1906  (Thiele). 

Nov 

14 

18 

29  15 

19 

6 

6 

+  0 

12.46 

+  5  10.4 

9  34  22.90 

+  17  28  18.5 

9.617 

0.682 

+  1.77 

-13.5 

16 

19 

23  21 

21 

7 

/ 

-0 

32.66 

+  5     9.8 

9  44  14.95 

+  20     7  31.6 

9.564 

0.620 

+  1.78 

-14.9 

Dec. 

11 

18 

53  44 

22 

0 

6 

-0 

12.12 

+  3  30.1 

12  36     5.87 

+  51     5  44.0 

9.831 

0.425 

+0.64 

-25.9 

18 

19 

37     1 

24 

12 

7t 

+  0 

43.94 

-1   17.8 

13  35  27.89 

+  55  39     9.6 

9.872 

0.292 

-0.07 

-25.0 

Measures  for  Ja  marked  t  were  made  by  transits,  all  others  directly  with  the  micrometer. 
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Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

s 

Authority 

* 

a 

8 

Authority 

1 

h      II 

8  42 

12.69 

+   7  46     7.8 

Micr.  comp.  with  2 

14 

6  48  46.08 

+  19  41 

1.2 

A.G.  2467,  Berlin  A 

2 

3  42 

49.96 

+  7  39     2.5 

A.G.  1391.  Leipzis:!! 

15 

6  51  45.41 

+  19  37 

19.2 

A.G.  2489.  Berlin  A 

3 

3  51 

41.02 

+   8  35  27.6 

Micr.  comp.  with  4 

16 

7     7  56.21 

+  20     3 

24.3 

Micr.  comp.  with  17 

4 

3  52 

9.95 

+   8  39     1.1 

A.G.  1452,  Leipzig  11 

17 

7     6  16.58 

+  20     2 

29.1 

A.G.  2824,  Berlin  B 

5 

3  58 

38.77 

+   9  14  30.9 

Micr.  comp.  with  6 

18 

7  19  17.85 

+  20  11 

4.2 

A.G.  2933,  Berlin  B 

6 

3  52 

49.72 

+   9  21   16.6 

A.G.  1457.  Leipzig  II 

19 

9  34    8.67 

+  17  23 

21.6 

Micr.  comp.  with  20 

7 

4     R 

33.76 

+   9  53     6.4 

Micr.  comp.  with  8 

20 

9  35  13.57 

+  17  23 

50.1 

A.G.  3888,  Berlin  A 

S 

4     S 

25.64 

+   9  58  24.2 

A.G.  1548.  Leipzig  II 

21 

9  44  45.83 

+  20     2 

36.7 

A.G.  3854,  Berlin  B 

9 

4  14 

12.24 

+  10  35     2.6 

Micr.  comp.  with  10 

22 

12  36  17.35 

+  51     2 

39.8 

S  n.n.  61M-7.'-.           j 

J  Slier,  comp.  with  23  i 

in 

4  16 

31.63 

+  10  32  56.1 

A.G.  1273,  Leipzig  I 

23 

12  36  58.90 

+  50  55 

53.3 

A.G.  4121.  Camb.  U.S. 

11 

6  37 

21.86 

+  19  14  37.3 

A.G.  2337.  Berlin  A 

24 

13  34  44.02 

+  55  40 

52.4 

Micr.  comp.  with  25 

12 

6  41 

32.24 

+  11  22  52.4 

Micr.  comp.  with  13 

25 

13  34  46.55 

+  55  47 

51.9 

A.G.7644,  Hels.-Gotha 

13 

6  42 

23.68 

+  19  16  55.0 

A.G.  2390,  Berlin  A 

1 

THE   TRA:NSIT   of   comet   1819 

By  henry 
On  the  morning  of  the  26th  of  June,  1819,  several  days 
before  its  discovery,  the  second  comet  of  1819  made  a  tran- 
sit across  the  solar  disc.  As  often  happens,  several  ama- 
teur astronomers  produced  evidence  to  substantiate  the 
claim  that  they  had  been  witnesses  of  the  interesting  event 
and  at  various  times  this  evidence  has  been  debated. 
These  claims  have  been  perpetuated  in  several  of  the  text 
books  and  popular  works  of  the  past  generation,  notably 
in  Webb's  "Celestial  Objects  for  Common  Telescopes," 
where  a  diagram  is  given  reproducing  a  drawing  which 
Pastorff,  of  Bucholtz,  is  said  to  have  made.  Schu- 
macher discusses  this  observation  adversely  in  the 
Beilage  to  the  Astronomische  Nachrichten,  No.  87.  Olbebs 
agreed  with  Schumacher  in  declaring  there  was  no  evi- 
dence that  Pastorff  had  seen  the  comet.  Hind  undertook 
his  orbit  for  the  purpose  of  examining  the  question.  While 
perhaps  the  discussion  may  now  be  considered  as  no  longer 
of  particular  interest,  yet  it  may  be  well  to  place  on  record 
the  apparent  path  described  by  the  comet  during  the  few 
hours  in  question  on  that  June  morning. 

In  the  A.J.  No.  593,  I  have  given  definitive  parabolic 
elements  as  follows: 


T  =  1819  June  27.71814  Gr.M.T. 

Si  =  273°  42.23  ) 
i  =    80  44.83  \  1819.0 
w  =     13  26.36  ) 
log  5  =  9.53341 

Syracuse  University,  1907  .iug.  29. 


II  ACROSS   THE   SOLAR  DISC, 

A.  PECK. 

Using  five-place  logarithms,  as  being  within  the  limits: 
of  accuracy  desired,  we  have  the  following  positions  of  the- 
comet  and  sun  corrected  for  aberration  but  not  for  parallax : 


\ 

P 

O 

X-O 

June  25.5 

93  33.1 

-58.3 

93  30.0 

+  3.1 

.6 

38.4 

37.4 

35.7 

2.7 

.7 

43.7 

-16.6 

41.4 

2.3 

.8 

49.0 

+   4.2 

47.1 

1.9 

25.9 

54.3 

25.0 

52.8 

1.5 

26.0 

59.6 

+  45.7 

58.6 

+  1.0 

The  apparent  path  is  here  seen  to  be  almost  perpendicular 
to  the  ecliptic  and  the  comet  at  its  nearest  approach  to  the 
center  of  the  sun  was  only  about  two  minutes  distant  in  the- 
direction  of  increasing  longitudes.  Except  in  the  neigh- 
borhood of  the  point  of  nearest  approach  the  latitudes  and 
distances  from  the  center  of  the  sun  do  not  differ  from  one 
another  by  more  than  one  or  two-tenths  of  a  minute  of  arc. 
If  the  radius  of  the  sun  be  taken  at  15'. 8  a  simple  interpo- 
lation in  the  table  of  distances  shows  the  first  contact  of  the 
nucleus  to  have  occurred  June  25.705  and  that  the  time  of 
final  passage  from  the  disc  was  June  25.855.  An  examina- 
tion of  both  Pastorff's  diagram,  as  well  as  the  observa- 
tion of  Canon  Stark,  serves  to  confirm  Hind's  conclusion. 
Whatever  may  have  been  observed  by  them,  it  certainly 
is  scarcely  within  the  range  of  possibilities  that  they  saw 
the  comet. 
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11  34 
11  32 
11  28 
11  21 
11  19 
11  17 
11  16 
11  16 


4.09 
10.18 
33.51 

0.22 
53.37 
30.97 
25.29 
41.26 
22.58 
52.35 


44  41.7 

n9.304 

0.784 

43  28.0 

W9.130 

0.787 

39  30.4 

n8.721 

0.788 

35  n.7 

9.079 

0.786 

29  14.3 

?i9.045 

0.786 

13  16.5 

7(9.370 

0.779 

8  24.5 

W9.197 

0.782 

4  31.0 

8.889 

0.783 

1  54.0 

9.177 

0.781 

18  7.7 

9.282 

0.782 

74 

30.6 

+  0  15.35 

+  7  54.0 

75 

25  ,5 

+  2  4.10 

+  11  29.9 

76 

25  ,  5 

+  2  S.69 

+  11  10.7 

(302)  Clarissa. 

11  37  1.01 
11  23  18.51 
11  18  56.57 


3  39     8.6 

4  39     3.2 
4  .54  10.1 


+  1.02 

-7.lt 

+  1.03 

-7.2* 

+  1.03 

-7.5* 

+  1.03 

-7.6t 

+  1.02 

-7.8* 

+  0.96 

-8.2* 

+  0.92 

-8.4t 

+  0.89 

-8.5t 

+  0.84 

-8.5* 

+  0.62 

-7.9* 

9.414  0.710  I  +0.98 
9.079  0.694  +0.93 
9.060    0.601  '  +0.86 


-6.8t 
-6.7t 
■6.4* 


(31)   Euphrosune  =  [1907  ZB.]. 


Apr. 


May 


June 


24  11  23  9 

77 

30.6 

25  10  34  0 

78 

30,6 

30  10  45  43 

79 

15,3 

4  8  45  33 

80 

30,6 

9  9  38  50 

81 

25.5 

12  10  28  33 

82 

30.6 

17  8  54  4 

S3 

25  .  a  ' 

21  9  39  32 

84 

25,5 

27  9  12  2 

85 

25,5 

5  10  24  19 

86 

5,1 

6  10  18  4 

87 

30.6 

6  10  18  13 

88 

30,6 

-1  17.17 
+  0  55.05 
-1  12.90 
+  0  52.62 
-2  38.03 
+  0  54.29 
-0  45.03 
+  1  26.92 
-2  22.12 
-1  56.66 
-1  45.83 
-1  48.76 


-  4  19.1 

-  6  9.7 
+  1  48.5 
-10  18.1 
+  2  17.5 

-  9  33.4 
+  6  S.9 
+  5  14.2 

-  3  25.3 

-  6  24.0 
+  4  26.4 
+  1  15.3 


13  41 
13  40 
13  35 
13  32 
13  27 
13  25 
13  21 
13  19 
13  16 
13  12 
13  12 
13  12 


11.67 
15.65 
32.13 
0.63 
46.13 
23.92 
53  25 
21.36 
11.71 
48.46 
32.36 
32.42 


8  6  37.6 
8  7  28.9 
8  12  18.9 
8  16  42.8 
8  23  20.2 
8  27  55.7 
8  36  32.4 
8  44  41.5 

8  58  44.5 

9  24  40.9 
9  27  52.5 
9  27  52.1 


]  «8.299 

0.807 

7i9.035 

0.805  1 

«8.561 

0.807 

1  n9.361 

0.799  ' 

«8.924 

0.808 

8.649 

0.809 

nS.905 

0  809 

8.466 

0.811 

8.443 

0.813 

9.381 

0.805 

9.375 

0.806 

9.375 

0.806 

+  1.26 

-5.2* 

+  1.26 

-5.3* 

+  1.28 

-5.3t 

+  1.27 

-5.6t 

+  1.27 

-5.5* 

+  1.25 

-5.6* 

+  1.24 

-5.7* 

+  1.21 

-5.8t 

+  1.19 

-5.5* 

+  1.12 

-5.5* 

+  1.11 

-5.5t 

+  1.11 

-5.5t 

Estimated  magnitude  :    Apr.  24,  11.0  ;  May  9,  11.5  ;  May  12,  11.5  ;  May  17,  11.5  ;  June  6,  11.0 

[1907  ZD.] 


May  4  12  52  13 

9  10  47  27 

11  11  6  11 

14  9  10  58 

89  30  ,  6 

90  15  ,  5 

91  23  ,  5 

92  25  ,  5 

+  1  56.83 
-2  12.58 
+  2  52.36 
-0  43.66 

-  0  28.7 

-  0  39.9 

-  2  6.0 
+  7  34.6 

13  34  40.85 
13  30  31.50 
13  28  55.57 
13  26  43.68 

-  7  24  26.9 

-  7  24  36.9 

-  7  25  12.7 

-  7  26  40.5 

Estimated  magnitude 

:  May  4,  13.0 

;  May  9,  13.2  ; 

May  11,  13.5 

;  May  14,  13.5. 

9.380  I  0.793 

8.685    0.802 

9.019    0.800 

W8.991  I  0.801 


+  1.27  -5.5t 

+  1.27  -5.3* 

+  1.25  -5.4* 

+  1.26  -5.3t 


May 


+ 
Estimated  magnitude  :    May  11,  12.8  ;  May  12,  12.5. 


11  12  9  4 

93 

30,6 

12  11  11  24 

94 

25,5 

14  10  17  56 

95 

25,5 

17  9  37  14 

96 

21  ,7 

21  11  4  13 

97 

8,8 

-1 

3.03 

+  1 

41.51 

-1 

50.13 

-0 

17.93 

-0 

7.21 

[1907  ZP 

1  56.9 

3  15.3 
8  2.8 
6  43.7 

4  6.9 


15 

16  51.37 

15 

16  3.87 

15 

14  26.86 

15 

12  0.56 

15 

8  43.79 

8  49  35.5 
8  45  11.7 
8  36  29.7 
8  23  47.2 
8     7  36.7 


8.182 
n8.960 
n9.242 
n9.351 
?i8.302 


[1907  ZQ. 


May  17  10  46  37 
20  11     3     4 

June    6  11  52  28 

S     9  21  52 

15  10  26  48 


98 

25,5 

99 

25,5 

100 

25,5 

101 

25,5 

102 

25  ,5 

+  1  29.56 
+  1  28.28 
-2  11..50 
+  2  19.64 
-3  40.70 


+  4  4.7 
+  9  13.2 
-10  16.5 

-  5  7.8 
+   2  21.8 


15 

28  27.37 

15 

25  49.06 

15 

12  49.49 

15 

11  42.74 

15 

8  20.92 

8 

3  9.0 

n9.098 

0.804 

8 

3  26.6 

n8.809 

0.806 

8 

29  26.2 

9.280 

0.803 

8 

34  59.3 

n8.951 

0.809 

9 

0  4.1 

9.013 

0.811 

0.812  +1.45  -2.4* 

0.810  +1.45  -2.5* 

0.805  +1.47  -2.4* 

0.800  i  +  1.49  -2.4* 

0.807  1  +  1.51  -2.4t 


+  1.50  -2.0* 

+  1.52  -2.0* 

+  1.58  -1.5t 

+  1.57  -1.6t 

+  1.57  -1.4t  I 


Estimated  magnitude  :    May  17,  12.5  ;  May  20,  12.5  ;  June  8,  12.5. 
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Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

s 

Authority 

* 

a 

S 

Authority 

1 

b       ID      • 

6  59    5.61 

+  5°  16  11.1 

Leipzig  II,  A.G.    3475 

52 

10"5r5070 

+ 14°    3  17*3 

Leipzig  I,  A.G. 

4152 

2 

6  59  14.02 

+  5  21     2.3 

3479 

53 

10  41  30.20 

+  14  41   11.6 

"          " 

4106 

3 

6  50  11.56 

+    4  44  32.1 

Albany,  A.G.          2498 

54 

10  33  23.49 

+  14  45     1.6 

1  S  Leipzig  1, 4073+/ 

2  i  Ber.  (A)  4212      i 

4 

6  52  23.99 

+    4  56  18.9 

1    4  .\lbimy  25!l+     ( 
*  J  Leipzig  II.  3379  i 

55    11  25  33.80 

-   2  29  24.5 

Newc's  Fund.  Cat.  729  | 

5 

8     9  37.23 

+  24     1  49.1 

Berlin  (B.),  A.G.   3306 

56 

11   19     3.65 

-    2     5  39.6 

Nicolajew,  A.G. 

3245 

6 

8     2  42.30 

+  24  43  25.6 

3273 

*57 

11   12  32.11 

-    1  28  23.3 

011<Ti 'meter  Ccmpariaoli 
t  Nicolajew  32iyand  3'J2b 

Wi.h^ 

7 

7  55     7.43 

+  25  52  51.8 

Carab.  Eng.,  A.G.  4288 

58 

11     6  34.41 

-   0  53  22.9 

Nicolajew,  A.G. 

3197 

8 

7  55  14.37 

+  25  52  21.3 

4289 

59 

11     8  23.26 

-   0  53  58.6 

"          " 

3209 

9 

8  40  38.44 

+  25  39  25.6 

4685 

60 

11     7  30. .56 

-   0  40  38.5 

"          " 

3204 

10 

8  40  33.24 

+  25  41  31.3 

•'          "              4683 

61 

11     3     6.24 

-^   0  27  37.7 

"          " 

3185 

11 

8  29  53.15 

+  26  10  17.3 

"      ■        4595 

62 

11     3  38.34 

-   0  20  10.9 

"          " 

3187 

12 

8  26  56.07 

+  26  15  50.7 

4570 

63    11  40  19.47 

+   25  41.2 

Albany,  A.G. 

4345 

13 

8  25  21.53 

+  26  20     4.4 

4559 

64 

11  26  36.46 

+   3  34  31.7 

"      '' 

4297 

14 

8  25  35.99 

+  26  28  33.5 

4560 

65 

11  25  12.32 

+   3  43     8.4 

"      " 

4296 

15 

8  24  14.64 

+  26  30  11.4 

4555 

66 

11  35  23.61 

-   5  35  35.5 

Strassburg  A.G. 

4380 

16 

8  20     1.51 

+  26  36  25.8 

4523 

67 

11  34  14.17 

-   5  45  47.0 

"          " 

4370 

17 

8  15  36.53 

+  26  37  13.1 

4491 

68 

11  32  38.03 

-   5  44  51.4 

"          " 

4364 

18 

8  14  27.63 

+  26  39  46.2 

4483 

69 

11  31   16.81 

-   5  34  23.1 

"          " 

4358 

19 

8  13  17.89 

+  26  37  32.9 

4471 

70 

11  27  48.47 

-   5  17  25.1 

"          " 

4340 

20 

8     8  21.50 

-  2  11  10.3 

Strassburg,  A.G.    3104 

71 

11  23  13.81 

-   5     7  48.1 

" 

4315 

21 

8    8     5.93 

-   2  21  18.3 

3103 

72 

11   17     3.49 

-  5  12  30.0 

"          '' 

4287 

22 

8     8     3.33 

-    1  59  50.9 

3102 

73 

11   12  53.52 

-   4  52   18.7 

4268 

23 

8     6  25.54 

-   2     0  42.1 

3089 

74 

11  36  44.68 

+   3  31  21.4 

Albany,  A.G. 

4331 

24 

11  49  26.71 

-   6  58  29.9 

Vienna.     "              4410 

75 

11  21   13.48 

+   4  27  40.0 

"          " 

4273 

25 

11  49  29.10 

-   6  51  58.4 

4411 

76 

11   16  47.02 

+   4  43     5.8 

1  <  Albany  4254+     > 

2  >  Leipzig  11.5781  S 

26 

11  45  33.92 

-   6  51  31.7 

4396 

77 

13  42  27.58 

-   8     2  13.3 

Vienna,  A.G. 

4913 

27 

11  37     8.06 

-   6  25  34.1 

4350 

78 

13  39  19.34 

-   8     1   13.9 

"          " 

4900 

28 

11  34  56.73 

-   6     5  23.7 

Strassburg.A.G.,    4375 

79 

13  36  43.75 

-   8  14     2.1 

Newc's  Fund.  Cat.  859  | 

29 

11  30  29.87  !  -   5  58  41.4 

4355 

80 

13  31     6.74 

-   8     6  19.1 

Vienna,  A.G. 

4849 

30 

9  29  38.75     -U  15  46.3 

Camb.  U.S.,  A.G.  Zones 

81 

13  .30  22.89 

-   8  25  32.2 

"          " 

4844 

31 

9  27  56.28    - 10  46  27.3 

"         "        "         " 

82 

13  24  28.38 

-   8  18  16.7 

"          " 

4812 

32 

9  28     7.95    - 10  44  34.2 

"        "        "         " 

83 

13  22  37.04 

-   8  42  35.6 

"          " 

4806 

33 

9  43  25.38  1  +24  58  44.5 

Camb.  Eng.,  A.G.  5095 

84 

13  17  53.23 

-    8  49  49.9 

" 

4787 

34 

9  44  53.61     +24  59  39.7 

5109 

85 

13  18  32.64 

-   8  55  13.7 

"          " 

4790 

35 

9  44  19.36    +25     8     5.2         "          "              5103 

86 

13  14  44.00 

-   9  18  11.4 

"          " 

4773 

36 

9  35     4.17  1  +25  26  34.9  1        "          "              5054 

87 

13  14  17.08 

-   9  32  13,4 

"          " 

4769 

37 

9  32  51.74'  +25  35  21.6          "          "              5040 

88 

13  14  20.07 

-    9  29     1.9 

"          " 

4771 

38 

9  26  58.95  '  +25  40  55.6  \        "          "              499S 

t89 

13  32  42.75 

-   7  23  52.7 

Vienna  .V.G.  4S58(S.Pr.)     | 

39 

9  22  25.45'  +25  39     5.6  1        "          "              4962 

90 

13  32  42.81 

-    7  23  51.7 

,1 

4858 

40 

9  19  36.48    +25  37  30.9         "          "              4944 

91 

13  26     1.96 

-    7  23     1.3 

,.            ii 

4820 

41 

10  20     1.51     +13  12     6.8    Leipzig  I,  A.G.       4013 

92 

13  27  26.08 

-    7  34     9.8 

"            " 

4826 

42 

10  23  26.51     +15  13  44.5    Berlin  (A),  A.G.     4102 

93 

15  17  52.95 

-   8  47  36.2 

"            " 

5371 

43 

10  21   11.79    +15  22  23.2 

4142 

94 

15  14  20.91 

-   8  48  24.5 

"            " 

5354 

44 

10  17  44.94    +15  49     0.2 

"          "              4129 

95 

15  16  15.52 

-   8  28  24.5 

5362 

45 

9  42  30.33    +21     2     7.6 

Berlin  (B),  A.G.     3845 

96 

15  12  17.00 

-   8  17     1.1 

"            ** 

5342 

46 

9  38  10.19    +20  37     6.5 

3830 

97 

15     8  49.49 

-    8  11  41.2 

"            '* 

5317 

47 

12  21  26.76    +29  44  27.2 

1  S  Leiden  4r.73+                  ( 

2  i  CambrlclRe  (Eng  )  CUJ  S 

98 

15  26  56.31 

-   8     7  11.7 

"            " 

5421 

48 

12  12     5.15    +30  34  59.8 

Leiden,  A.G.           4638 

99  !  15  24  19.26 

-    8  12  37.8 

"            " 

5408 

49 

12  14  51.38    +30  41     2.6 

4646 

100 

15  14  .59.41 

-   8  19     8.2 

"            " 

5356 

50 

10  58  26.08     +13  39  58.3 

Leipzig  I.  A.G.      4179 

101 

15     9  21.53 

-   8  29  49.9 

''            " 

5322 

51 

10  53  24.91     +13  46  34.1  1        "          "              4163 

! 

102 

15   12     0.05 

-    9     2  24.5 

Newc's  Fund.  Cat.  967 

*Star,  No.  .57,  which  is  Nicolajew  .3220,  has  considerable  proper  motion  in  a. 

tStar,  No.  89,  is  theS.  pr.  component  of  a  double.     The  position  of  the  mean  of  tlio  two  components  is  given  in  the  Vienna  .V.(l.  Cata- 
logue.    A  correction  of  — 0*.06  in  a,  and  — 1".0  in  8,  lias  been  applied  to  that  position. 

The  star  i)la(cs  from  the  Cambridge  (U.S.)  A.G.  Zones  were  funiishoil  through  the  courtesy  of   the  Director  of  the  (Observatory  at  that 


place. 
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OBSEEVATIONS  OF   COMETS, 

MAHE    WITH    THK    12-INCH    AND   26-lN'CII    EQUATORIAI.S    AT   THE    U.S.  NAVAL   OBSEBVATOK V, 

By  H.   L.  rice,  J.  C.  HAMMOND  and  M.  FREDEKICKSON. 
[Communicated  by  Rear-Admiral  Asa  Walker,  U.S.X.,  Superintendent.] 


1906-7  Wash.  M.T.        *       Comp. 


Ja 


zrS 


App.  a 


App.  8 


logpA 


Red.  to  App.  PI. 


Co.MET  1906  VII 


1900  h          III        s 

Nov.  12  15  15  0 

13  14  11  10 

15  16  27  46 

22  14  10  20 

23  15  6  53 

24  14  0  13 

24  14  26  42 

25  14  59  30 

28  15  57  24 

29  15  57  18 
11  14  43  43 
18  15  30  56 

Nov  12,  observed  by 


Dec 


1 

15,3 

2 

25.5 

3 

22,5 

4 

17,6 

5 

12,4 

6 

21  ,5 

7 

25,5 

8 

22  ,  5 

9 

20,5 

10 

21  ,5 

11 

23,  . 

12 

15,6 

H-3  52.28 

+  1 

55.83 

-0 

53.07  1 

+  0 

53.84 

-1 

37.55 

+  1 

58.95 

+  0  55.33 

-2 

16.83 

—  2 

5.92 

-3 

57.86 

-0 

32.23 

+  1 

6.27 

+  10 
+  5 
-10 
+  9 
-10 

-  5 

-  3 
+  3 

-  3 

-  5 


7.4 
47.5 
56.2 
40.4 

6.7 
22.2 
16.1 
24.2 
28.2 
36.1 


+  8  25.7 


9  25 
9  29 
9  39 
10  16 
10  22 
10  28 
10  28 
10  35 

10  55 

11  2 

12  36 

13  35 


Hajimond.     Nov.  13,  observed  by  Frederickson. 


33.08 
53.68 
47.36 
41.72 
52.45 
42.46 
49.09 
14.25 
21.29 
18.44 
27.32 
49.53 
Other 


-t-15     4  4.0 

+  16  15  5.4 

+  18  55  50.5 

+  28  21  38.3 

+  29  49  7.9 

+  31     9  18.8 

+  31   10  56.1 

+  32  36  36.0 

+  36  46  41.2 

+  38     6  31.3 

+  51     8  .. 

+  55  40  30.1 
observations  by 


n9.493 

0.598  ' 

H9.602 

0.627 

n9.284 

0.500  ! 

n9.654 

0.508  1 

n9.583 

0.385 

n9.680 

0.497 

n9.652 

0.444 

n9.616 

0.350 

n9.537 

0.054 

n9.553 

9.995 

n9.830 

n9.863 

9.803 

+  1.S2 
+  1.81 
+  1.79 
+  1.76 
+  1.72 
+  1.74 
+  1.73 
+  1.67 
+  1.57 
+  1.50 
+  0.66 
-0.06 


-12.lt 
-12.8t 
-14.4* 
-19.0* 
- 19.8* 
-  20.3* 
-20.3* 
-20.9* 
-22.6* 
-23.1* 
-25.9* 
-24.9* 


Rice. 


Comet  1907  a  (Giacobini). 


Mar.  11 


47  56 


13     7  40  28      14 
15     7  37  53      15 


13      25  ,  5 


16  9  12  47 

17  8  41  51 
Apr.  15  7  58  28 
May  11  8  37  10 


31  ,6      +0  11.77    +    1     7. 


21  ,7 
18.6 
12,4 
10,2 
3.3 


+  1  34.38 


+  0  42.67 


0  48.7 


+   2  11.9 


+  1  45.21  -  3  46.8 

+  0  40.39  -  3     9.3 

+  1  49.68  -  8     9.7 

-0  47.08  1+  8  33.6 


6  58  22.98 


6  53     8.72    -14  30     1.1      8.282    0.847    +0.23-15.6* 


6  48  20.96 

6  45  57.91 

6  43  52.56 

6  12  50.05 

6  11  25.63 


16  19  50.0 


7.882:0.858  1  +0.30  -16.0* 


-12  43  53.7      8.598    0.837    +0.16-15.3* 


-11  48  55.6 

-  10  59  33.9  i 

+   6  25  41.1 

+  14  43  9.9  I 


9.371  0.819 
9.277  I  0.819 
9.543  0.696 
9.674  I  0.713 


+  0.11  -15.2* 
+  0.08  -15.0* 
-0.64  -  9.3t 
-0.96  -   6.0t 


April  1.5,  observed  by  H.\m.mond.     Other  observations,  by  Rice. 


Comet  1907  b  (MeUish). 


Apr.  15     S  42  37 

16  8  41     2 

17  9     0  29 
May    4     9  41  29 

■   11     9  56     1 
Observed  by  Rice. 


June  3  10     1   15  i  25  I     6,6 
8     9  49  41   1  26  I     5.6 
Observed  bv  Hammond. 


20 

12,4 

21 

20,7 

22 

15,5 

23 

5,4 

24 

6,3 

-0 

31.61 

-0 

35.07 

+  2 

9.45 

+  0 

6.22 

-1 

40.51 

+  11 

20.6 

+  5 

11.2 

+  5 

5.7 

-  1 

11.8 

+  8 

0.0 

6 

52 

32.45 

7 

2 

53.52 

7 

12 

13.77 

8 

28 

15.29 

8 

43 

3.72 

+  13  33  45.8 

9.560 

0.636 

+  18  32  43.9 

9.558 

0.576 

+  22  47  6.7 

9.592 

0.536 

+  46  35  17.2 

9.776 

0.114 

+  49  4  0.2 

9.808 

0.202  1 

Comet  1907  c  (Giacobini). 
+  0  22.73    -   0  55.6  I  10  23  45.73  1  +  23  49  44.3  I   9.659  1 
+  3  12.17    +    1  34.2  !   10  45  26.80    +23     5  33.6      9.644 


Junel4 
15 
16 
19 
21 
26 
30 

July  5 
8 
13 
16 
20 
30 

Aug.  12 
18 
25 

Sept. 13 

June  14, 


14  33  23 

14  37  43 

15  51  23 
14  46  27 

14  28  6 

15  8  10 
15  39  14 
15  32  32 

14  51  14 

15  19  36 
15  5  2 
15  20  45 
15  14  43 
15  29  28 

15  57  22 

16  23  38 
16  44  8 
15,  19,  Aug. 


27 

25  .  5 

28 

20  .4 

29 

12,4  [ 

30 

25,5 

31 

20,4 

32 

30,6 

33 

25,5 

34 

25,5 

35 

25,5  , 

36 

25  ,5 

37 

25,5 

38 

25,5 

39 

19  ,4 

40 

15  ,3 

41 

15,3 

42 

20,4 

43 

11  ,4 

12,  observed  by 


-1  56.63 
+  1  54.30 
-0  18.39 
-0  35.47 
-3  15.28 
+  0  56.40 
+  1  3.71 
-0  52.38 
- 1  8.27 
-2  23.16 
+  0  47.67 
+  2  46.32 
-2  54.04 
+  1  14.92 
-1  46.25 
+  2  14.93 
-0  41.62 
Hammond. 


Com: 

-  8 
+  0 

-  4 

-  0 

-  6 
+  3 

-  4 
+  6 

-  3 
+  12 

-  0 

-  9 
+  4 

-  5 
+  0 


+ 


^.T  190 
46.7 

5.1 
45.4 
24.4 
27.4 
49.7 
17.4 

5.8 
17.4 
43.9 
19.0 

4.8 
35.1 
56.3 

9.4 
16.1 

5.0 


d  (Daniel) 

0  2  9.96 

0  5  4.28 

0  8  11.12 

0  17  19.37 

0  23  49.15 

0  41  42.53 

0  57  47.58 

1  20  27.40 

1  35  35.75 

2  4  27.69 
2  23  50.62 
2  52  36.95 
4  17  24.92 

6  19  10.28 

7  10  58.73 

8  5  20.98 
10     7  53.15 


+  0 

+  0 

+  0 

+  1 


+  6 
+  7 
+  9 
+  10 
+  12 
+  15 
+  17 
+  16 
+  15 
+   9 


1  43.4 

n9.596 

0.740 

16  27.2 

n9.590 

0.739 

32  13.3 

n9.466 

0.736 

IS  5.7 

n9.575 

0.733 

50  19.6 

n9.596 

0.731 

17  38.8 

n9.539 

0.718 

33  49.5 

n9.482 

0.705 

17  1.5 

n9.503 

0.692 

22  57.2 

n9.577 

0.694 

21  7.4 

n9.551 

0.673  i 

34  24.0 

719.584 

0.672 

13  16.6 

n9.583 

0.657 

48  18.0 

n9.644 

0.662 

20  26.8 

n9.676 

0.695 

42  38.6 

n9.674 

0.698 

18  1.1 

n9.671 

0.703 

34  41.6 

«9.666 

0.732 

2 
4 
July  8.  1.3,16,  20,  Aug.  18,  observed  by  Frederickson.   Other  observations  by  Rice. 


-0.44  - 
-0.42  - 
-0.42  - 
-0.42  + 
-0.51  + 


0.590  I      0.00  + 
0.581     +0.05  + 


+  0.23  + 
+  0.27  + 
+  0.27  + 
+  0.31  + 
+  0.32  + 
+  0.41  + 
+  0.45  + 
+  0.46  + 
+  0.48  + 
+  0.47  + 
+  0.48  + 
+  0.46  + 
+  0.29  - 
+  0.09  - 
+  0.01  - 
-0.02  - 
-0.03  - 


6.6* 
4.7* 
3.1* 
6.5t 

7.7t 


1.6t 
1.8t 
1.8t 
1.8t 
1.8t 
2.2* 
2.2t 
2.0t 
1.8t 
1.6t 
1.2t 
0.6t 
0.8* 
1.7t 
1.9t 
1.5* 
1.0* 


*  Observed  with  the  12-inch  equatorial.         t  Observed  with  the  26-inch  equatorial. 
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Mean  Places 

of  Comparison- Stars  f 

or  the  beginning  of  the 

year. 

* 

« 

8 

Authority 

* 

a 

8 

-Viitliority 

1 

ll         u 

9  21 

38.98 

+  14°  54    8*7 

■  (  Berlin  (A)  8S09> 
2  J+LeipzigI,S748  5 

23 

8''28'"  9*49 

+  46°  36  22.5 

4  Slicrom.  obsns.  with  Bonn  A.G.6676  { 

i    J<I  =  — 2m  108.67:     Jj^+7'31"6         i 

2 

9  27 

56.04 

+  16     9  30.7 

Berlin  (A),  A.G.     3845 

24 

8  44  44.74 

+  48  55  52.5 

Bonn.  A.G. 

6806 

3 

9  40 

38.64 

+  19     7     1.1 

"     "      "           3918 

25 

10  23  23.00 

+  23  50  37.6 

Berlin  (B).  A.G. 

4024 

4 

10  15 

46.12 

+  28  12  16.9 

Camb.  Eng..  A.G.  5311 

26 

10  42  14.58 

+  23     3  56.7 

"      "      " 

4098 

5 

10  24 

28.28 

+  29  59  34.4 

Leiden.  AG.           4192 

27 

0     4     6.36 

+   0  10  28.5 

Nicolajew.  A.G. 

11 

6 

10  26 

41.77 

+  31   15     1.3 

4206 

28 

0     3     9.71 

+   0  16  20.3 

" 

9 

7 

10  27 

52.03 

+  31   14  32.5 

4217 

29 

0     8  29.24 

+   0  36  56.9 

" 

19 

8 

10  37 

29.41 

+  32  33  32.7 

4258 

30 

0  17  54.53 

+    1   18  28.3 

i(Nicol.51+Albanv65)  | 

9 

10  57 

25.64 

+  36  50  32.0 

Lund.  A.G.              5100 

31 

0  27     4.11 

+    1  56  45.2 

Albany.  A.G. 

99 

10 

11     6 

14.80 

+  38  12  30.5 

"       "                  5142 

32 

0  40  45.72 

+   3  13  46.9 

u                       << 

183 

11 

12  36 

58.89 

+  50  55  53.5 

Camb.  U.S..  A.G.  4121 

33 

0  56  43.42 

+   4  38     4.7 

"            " 

261 

12 

13  34 

43.32 

+  55  32  29.3    Hels.-Gotha.  A.G.  7643 

34 

1  21  19.32 

+   6  10  53.7 

Leipzig,  II  A.G. 

526 

13 

6  56 

48.30 

-16  18  45.3    Wash'gton.  A.G.  Zones 

35 

1  36  43.54 

+    7  26  12.8 

"        "      " 

637 

14 

6  52 

56.72 

-14  30  53.3 

36 

2     6  50.38 

+   98  21.9 

"        '•      " 

829 

15 

6  47 

38.13 

-12  45  50.3    Camb.  U.S..  A.G.  Zones 

37 

2  23     2.47 

+  10  34  41.8 

I.     " 

718 

16 

6  44 

12.59 

-11  44  53.6          "       " 

38 

2  49  50.17 

+  12  22  20.8 

"        "      " 

866 

17 

6  43 

12.09 

-10  56     9.6 

39 

4  20  18.67 

+  15  43  43.7 

Berlin  (A),  A.G. 

1171 

18 

6  11 

1.01 

+  6  34    0.1 

Leipzig  II.  A.G.     2752 

40 

6  17  55.27 

+  17  26  24.8 

"      "     " 

2111 

19 

6  12 

13.67 

+  14  34  42.3 

I,      "         2145 

41 

7  12  44.97 

+  16  42  31.1 

Newc.  Fund.  Cat. 

469 

20 

6  53 

4.50 

+  13  22  31.8 

I,      "         2623 

42 

8    3    6.07 

+  15  15  46.5 

Berlin  (A).  A.G. 

3207 

21 

7     3 

29.01 

+  18  27  37.4    Berlin,  (A),  A.G.    2636 

43 

10     8  34.80 

+   9  38  47.6 

Leipzig  II,  A.G. 

5399 

22 

7  10 

4.74 

+  22  42     4.1  '  Berlin.  (B),  A.G.    2856 

Tbe  star  places  from  the  Cambridge  (U.S.)  A.G.  Zones  were  furnished  through  the  courtesy  of  the  Director  of  the  Observatory  at  that 
place. 


ELEMENTS  AND   EPHEMEKIS   OF   COMET  d  1907  (mellish). 

By  ELEANOR  A.  LAMSON. 


The  following  elements  were  computed  from  observa- 
tions made  by  Mr.  Fkedeeicksox,  at  Wasliington,  on 
Oct.  15,  18  and  21: 

Elements. 

T  =  1907  Sept.  14.872250  G.M.T. 

TT  =  349°  27  5l'.3  ) 
a  =  54  22  2.7  [  1907.0 
i  =  119  46  53.9) 

q  =   0.985448 

Residuals  (0-C)  :     cos  /3z/X  =  -0.3 
^/3  =      0.0 

Hklioce.ntric  Coordinates. 
X  =  r  [9.850515]  sin  (350°  22  37'.5  +  t;) 
7  =  r  [9.984040]  sin  (  64  25  25.1 +d) 
z  =  r  [9.877361]  sin  (320  30    3.4 +  t^) 


Walkek,  U.S.X. 

.Superintendent.  ] 

Ephemeris 

Gr.  M.T. 

a 

8 

Light 

1907 

Nov.    6.5 

5  53"  20.8 

+  12 

25 

45 

3.18 

8.5 

5  22  33.0 

15 

59 

20 

3.36 

10.5 

4  48  46.5 

19 

25 

38 

3.26 

12.5 

4  13  21.9 

22 

27 

43 

3.06 

14.5 

3  38    6.1 

24 

52 

54 

2.82 

16.5 

3     4  44.3 

26 

36 

58 

2.48 

18.5 

2  34  31.9 

27 

43 

24 

2.14 

20.5 

2    8    5.2 

28 

19 

59 

1.78 

22.5 

1  45  26.2 

28 

35 

30 

1.47 

24.5 

1  26  17.7 

28 

37 

14 

1.20 

26.5 

1  10  13.0 

28 

30 

39 

1.00 

28.5 

0  56  44.0 

28 

19 

27 

0.84 

30.5 

0  45  25.4 

28 

6 

5 

0.70 

Dec.     2.5 

0  35  54.9 

+  27  52 

3 

0.58 

Briirlitness  of  Oct.  15  taken  as  unit. 


N»-  599 


THE     ASTRONOMICAL     JOURNAL. 


191 


OBSERVATIONS   OF  MINOR  PLANETS, 

made  with  the   i'i-inch  equatorial  at  the  u.s.  x.wal  observ.^tory, 

By  H.  L.  rice. 
[Communicated  by  Rear-Admiral  Asa  Walker,  U.S.N.  Superintendent.] 


1906  Wash 

M.T. 

* 

Comp. 

Ja               /iS               App.  o 

App.  8                   log  pA            Red.  to  App.  PL 

(28)  Bellona. 

h 

'           "                                                                s                         • 

June 28 

11 

26 

46 

1 

30.6 

+  3 

3,33 

+   3  28.2 

18  27  49.10 

-12 

57     2.8 

n8.861 

0.837 

+  2.21  +   8.2* 

29 

12 

52 

1 

2 

17.6 

-0 

40.04 

+   8     6.7 

18  26  53.84 

-12 

59  27.7 

9.045 

0.S36 

+  2.22  +   8.4 

29 

13 

43 

48 

3 

24.5 

-9 

8.21 

+   8  30.8 

18  26  51.94 

-12 

59  33.2 

9.323 

0.828 

+  2.22  +   8.4 

Julv  12 

11 

37 

30 

4 

25,5 

-1 

58.10 

+   3  29.4 

18  16     2.63 

-13 

34  51.6 

8.934 

0.840 

+  2.32  +   8.6 

12 

12 

9 

12 

5 

20.4 

-2 

31.26 

-   0  48.3 

18  16     1.56 

-13 

34  58.1 

9.173 

0.837 

+  2.32  +  8.6 

12 

12 

49 

23 

6 

20.4 

—  2 

45.17 

-   3  34.5 

18  16     0.11 

-13 

35     2.8 

9.352 

0.830 

+  2.32  +  8.6 

♦Observed  on  the 

26-in 

'h  equato 

rial  In 

M.  FliEDERICK.SOX. 

(80)  Sappho. 

July   .5 

11 

31 

4 

7 

20  .  4 

_2 

35.12 

+   2  51.8 

18  27  .50.14 

-   8 

42  52.6 

n7.878 

0.811 

+  2.24]+    9.1 

5 

11 

53 

30 

S 

25  .5 

-0 

26.09 

-   4  47.7 

18  27  49.04 

-   8 

42  51.4 

8.578 

0.811 

+  2.23  +    9.0 

6 

11 

1 

52 

8 

24.5 

-1 

24.83 

-   3     4.7 

18  26  50.31 

-   8 

41     8.3 

n8.752 

0.810 

+  2.24  +   9.1 

13 

10 

40 

36 

9 

20.4 

-1 

43.40 

-   7  43.7 

18  19  58.55 

-   8 

33  37.8 

n8.479 

0.810 

+  2.27  +   9.3 

19 

11 

58 

22 

10 

24,6 

-0 

25.19 

+    1     1.2 

IS  14  .38.01 

-   8 

34  11.8 

9.257 

0.805 

+  2.28  +   9.5 

19 

12 

24 

13 

11 

20.4 

^1 

34.31 

+   5  47.2      18  14  37.01 

-   8 

34  12.5 

9..357 

0.801 

+  2.27  +   9.4 

(7)  /m. 

Julv  26 

12 

10 

50 

12 

30  ,6 

-1 

30.19 

-   7  58.6 

20  35     9.85 

-11 

24  34.6 

n8.232 

0.829 

+  2.37  +14.0 

"  26 

12 

10 

50 

13 

30,6 

-2 

25.11 

-   6  25.3 

20  35  10.00 

-11 

24  33.6 

n8.232 

0.829 

+  2.37  +14.0 

Aug.  15 

11 

32 

38 

14 

21,7 

-0 

28.53 

-   7  20.6 

20  14  53.92 

-12 

2  16.2 

9.025 

0.830 

+  2.49  +14.4 

15 

11 

52 

6 

15 

20,4 

-1 

9.39 

-    1  13.5 

20  14  53.31 

-12 

2  17.6 

9.159 

0.828 

+  2.49  +14.4 

15 

12 

12 

52 

16 

25,5 

-1 

33.28 

+   8     4.8 

20  14  52.48 

-12 

2   19.7 

9.265 

0.826 

+  2.49  +14.4 

(126)   Velleda. 

Oct.    6 

10 

20 

4 

17 

25,5 

-1 

57.21 

+  11     6.4 

22  59  46.22 

-   S 

57  39.0 

8.601 

0.813 

+  2.55  +16.9 

S 

10 

34 

54 

17 

25,6 

_2 

58.00 

+   9  38.3 

22  58  45.42 

-   8  59     7.1 

8.942 

0.812 

+  2.54  +16.9 

15 

11 

20 

49 

18 

19,4 

+  2 

23.36 

-    1  21.5 

22  56     7.64 

-   8 

58  31.4 

9.364 

0.803 

+  2.47  +16.5 

15 

11 

42 

40 

19 

20,4 

+  1 

39.99 

+   5     7.6 

22  56     7.61 

-  s 

58  30.9 

9.429 

0.800 

+  2  47  +16.5 

(2)  Pallas. 

Oct.  13 

10 

18 

35 

20 

25  ,5 

+  1 

15.08 

-    2  .59.7 

0  50  17.67 

-14 

28  35.1 

r!9.118 

0.843 

+  2.67  +15.2 

13 

10 

40 

17 

21 

20,4 

+  2 

39.46 

-   4     2.1 

0  50  16.98 

-14 

28  48.3 

7!8.943 

0.846 

+  2.67  +15.2 

13 

11 

0 

12 

22 

20,4 

_2 

37.41 

-   5  26.5 

0  50  16..38 

-14 

28  59.2 

n8.673 

0.847 

+  2.67  +15.2 

13 

11 

38 

41 

23 

20,4 

-3 

15.40 

+   5  23.5 

0  50  15.00 

-14 

29  20.6 

8.510 

0.847 

+  2.67  +15.1 

29 

8 

40 

38 

24 

24,5 

-1 

20.28 

+   8  52.3 

0  .38  57.79 

-17 

35  49.6 

n9.256 

0.855 

+  2.65  +12.9 

29 

9 

1 

51 

25 

19  .  4 

_2 

46.32 

-f-   7  12.9 

0  38  57.18 

-17 

35  56.7 

?i9.141 

0.859 

+  2.65  +12.9 

(532)   Herculina. 

Oct.    6 

12 

40 

52 

26 

25  ,  5 

+  1 

41..5S 

+    5  26.8 

2     7  44.08 

-11 

56  27.0 

nS.740 

0.812 

+  2.56  +14..3* 

15 

12 

48 

52 

27 

19,4 

+  1 

8.32 

+   0  38.2 

2     0  43.29 

-12 

44  .33.0 

8.682 

0.837 

+  2.67  +13,8 

26 

10 

31 

53 

28 

15,3 

-3 

46.45 

+    1     0.8 

1  51  .37.30 

-13 

24  48.8 

n9.094 

0.838 

+  2.74  +12.8 

29 

9 

57 

45 

29 

30,6 

+  0 

1.03 

+  10  39.2 

1  49     9.15 

-13 

31  38.2 

n9.213 

0.836 

+  2.75  +12.4 

1           29 

10 

37 

38 

30 

25,5 

+  1 

59.93 

+   9  58.3 

1  49     7.75 

-13 

31  45.3 

«S.925 

0.840 

+  2.76  +12.5 

29 

11 

9 

44 

31 

20  ,  4 

+  3 

23.70 

-10  47.9 

1  49     6.68 

-13 

31  47.1 

hS.270 

0.842 

+  2.76'+ 12.6 

♦Observed  on  the 

26-in 

"h  equato 

rial  by 

M.  Frederick-sox. 

(1)  Ceres. 

Dec.   3 

10 

5 

17 

32 

17,4 

-2 

17.08 

+   9  27.8 

4  51  38.89 

+  20 

12  32.8 

?i9.381 

0.491 

+  3.68  +   0.4 

3 

10 

25 

36 

33 

25,5 

-0 

55.83 

+   2  29.6 

4  51  38.04 

+  20 

12  35.5 

n9.305 

0.478 

+  3.69  +   0.5 

3 

10 

51 

45 

34 

20,4 

+  1 

55.15 

+   2  52.3 

4  51  .36.94 

+  20 

12  .37.8 

«9.175 

0.463 

+  3.69  +   0.7 

3 

11 

22 

20 

35 

20,4 

+  3 

4.87 

+   3  27.1 

4  51  35.47 

+  20 

12  39.7 

7)8.937 

0.452 

+  3.69  +   0.8 
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1907  Wash.  M.T. 

* 

Comp. 

^a 

Ah 

App.  a 

App.  8 

log  PA 

Red.  to 

A.pp.  PI. 

Jan.     4 

4 

10 

ll           u 

10  18 
10  37 
10  47 

33 
41 
32 

36 
37 
38 

20,4 
20,4 
25,5 

-ri3j5 

-1  15.67 
-2  30.54 

- 

(8) 

6  13"9 
6     8.1 
3  55.5 

Flora. 

1     7*46"' 42^00 
7  46  40.99 
7  39  50.13 

+  20°  58  19^3 
+  20  58  24.6 
+  21  39  11.8 

«9.4S4 
n9.434 
7)9.294 

0.507 
0.490 
0.446 

+  0^40 
+  0.40 
+  0.50 

-  e^'i 

-  6.1 

-  6.3 

Feb. 25 
25 

10  55 

11  15 

30 
57 

39 
40 

20  ,4 
20,4 

+  0  51.31 
-3  12.28 

+ 

(16) 
7  29.7 
3  44.7 

Psyche. 
10  28     6.99 
10  28     6.32 

+  10  1  26.5 
+  10     1  32.5 

n9.164  j  0.632 
n9.024  1  0.629 

+  0.85 
+  0.85 

-  7.0 

-  6.9 

Feb.  25 

12  57 

27 

41 

20,5 

(511) 
+  2     3.36  1  +  11  45.0 

Davida. 
9  46     7.37 

+  28  42  35.6 

9.305  1  0.252 

+  0.87 

-  5.6 

Mar.  15 
22 

10  37 
10  31 

18 
59 

42 
43 

24,5 
25.5 

+  1  20.78 
+  2     1.41 

+_ 

(356) 
9  13.8 
6    7.6 

Liguria. 
11   11  42.92 
11     5  26.74 

+  6  54  56.7 
+   7  10  40.5 

n9.104    0.669 
n8.852    0.664 

+  0.94 
+  0.93 

-  6.8 

-  6.9 

Mean  Places  of  Comparison-  St  a  ri<  for  the  heginniny  of  the  year. 


* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

is"  24"  43^56 

-13°   d 

39.2 

Camb.  U.S.,  A.G. 

Zones 

23 

0"  53"  2773 

-14  34  59.2 

Wash'gton,  A.G. 

Zones 

2 

18  27  31.66 

-13     7 

42.8 

"       "       " 

" 

24 

0 

40  15.42 

-17  44  54.8 

"                 " 

" 

3 

18  28  57.93 

-13     8 

12.4 

"       "       " 

" 

25 

0 

41  40.85 

-17  43  22.5 

"                 " 

" 

4 

18  17  58.41 

-13  38 

29.6 

"       "       " 

26 

2 

5  59.94 

-12     2     8.1 

Camb.  U.S.  A.G. 

Zones 

5 

18  18  30.50 

-13  34 

18.4 

"       "       " 

27 

1 

59  32.30 

-12  45  25.0 

"       "        " 

" 

6 

IS  IS  42.96 

-13  31 

33.9 

"       "       " 

" 

2S 

1 

55  21.01 

-13  26     2.4 

"       "        " 

" 

7 

18  30  23.02 

-   8  45 

53.5 

Vienna,  A.G. 

6231 

29 

1 

49     5.37 

-13  42  29.8 

1  5  W.ishinBton+Cambrldgc  (U.S.)  > 

8 

18  28  12.90 

-   8  38 

12.7 

6216 

30 

1 

47     5.06 

-13  41  56.1 

1  (  Wasliington+Cambrldge  (U.S.)  * 
f  i  A.G.  Zones.                                      \ 

9 

18  21  39.68 

-   8  26 

3.4 

"          " 

6191 

31 

1 

45  40.22 

-13  21  11.8 

Camb.  U.S.,  A.G. 

Zones 

10 

18  15     0.92 

-   8  35 

22.5 

"          " 

6155 

32 

4 

53  52.29 

+  20    3     4.6 

Berlin  A,  A.G. 

1365 

11 

18  13     0.43 

-   8  40 

9.1 

"          " 

6143 

33 

4 

52  30.18 

+  20  10     5.4 

1  I  Berlin  B  1682+         > 
*  J  Berlin  A,  A.G.  1869$ 

12 

20  36  37.67 

-11   16 

50.0 

Camb.  U.S.,  A.G 

Zones 

34 

4 

49  38.10 

+  20     9  44.8 

1  (  Berlin  B  1668+         J 
^jBerUn  A.A.G.  1346  5 

13  1  20  37  32.74 

-11  IS 

22.3 

"       "        " 

" 

35 

4 

48  26.91 

+  20     9  11.8 

1  (  Berlin  B  1653+        > 
^?  Berlin  A  AG.  1337  5 

14  i  20  15  19.96 

-11  55 

10.0 

"       "        " 

" 

36 

7 

47  55.35 

+  21     4  39.3 

Berlin  (B),  A.G. 

3162 

15     20  16     0.21 

-12     3 

45.5 

"       " 

" 

37 

7 

47  56.26 

+  21     4  38.8 

"      "      " 

3163 

16 

20  16  23.27 

-12  10 

38.9 

"       "        " 

" 

38 

7 

42  20.17 

+  21  43  13.6 

"      "      " 

3121 

17 

23     1  40.88 

-   9     9 

2.3 

Vienna,  A.G. 

8216 

39 

10 

27  14.83 

+   9  54    3.8 

Leipzig  I,  A.G. 

4048 

18 

22  53  41.81 

-   8  57 

26.4 

"          " 

8173 

40 

10 

31  17.75 

+  10    5  24.1 

"        "       " 

4065 

19 

22  54  25.15 

-   9    3 

55.0 

"          " 

8177 

41 

9 

44     3.14 

+  28  30  56.2 

Camb.  Eng.,  A.G 

5099 

20 

0  48  59.92 

-14  25 

50.6 

Wash'gton,  A.G. 

Zones 

42 

11 

10  21.20 

+   74  17.3 

Leipzig  II,  A.G. 

5741 

21 

0  47  34.85 

-14  25 

1.4 

"                 " 

" 

43 

11 

3  24.40 

+   74  39.8 

"        "      " 

5697 

22 

0  52  51.12 

-14  23 

47.9 

"                 " 

" 

1 

! 

126,  16  and  356  were  found  photographically  by  Mr.  G.  H.  Peters. 

The  star  places  from  the  Cambridge  (U.S.)  Zones  were  furnished  through  the  courtesy  of  the  Director  of  the  Observatory  at  that  place. 
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THE  JOVIAX  EVECTION  IX  THE  LUNAR  THEORY, 


By  G.  W.   HILL. 


The  researches  of  Professors  S.  Newcomb  and  E.  W. 
Browx  having  rendered  it  reasonably  certain  that  some 
fault  existed  in  the  determination  of  this  inequality  in  the 
Astronomical  Papers,  Vol.  Ill,  p.  373,  I  have  reviewed  my 
work    with    the    result    of    findinu;    a    serious    oversiarht. 


Delaunay's  R  contains  the  term 


and  his  transforma- 


tions lead  to  continual  variation  in  the  signification  of  this 
symbol.  These  circumstance.s  make  it  impossible  to 
derive  from  Delaunay's  Ions  expansion  of  terms  (Tom. 

dR 
I,  pp.  119-2561  expressions  for  R  and  -^  suitable  for  our 

case.  An  independent  development  must  be  made.  A 
second  imperfection  in  the  work  is  insufficient  approxi- 
mation.     Stopping  with  terms  involving  the  factor  — j 

does  not  give  the  coefficients  exact  to  0".01.  The  series 
are  of  unexpected  slow  convergence. 

I  have  thought  it  worth  while  to  remove  these  defects 
by  repeating  the  calculations  and  carrying  the  develop- 

7l'° 

ments  to  terms  multiplied  by  — ^ .  Pushing  the  approxi- 
mation three  orders  farther,  Delaunay  operations  have 
to  be  abandoned  and  expressions  for  the  radius  and  longi- 
tude of  the  moon  used.  It  is  proposed  to  found  the  in- 
vestigation   upon    Delaunay's    determination    of   these 


quantities.  But  the  degree  of  approximation  set  demands 
the  knowledge  of  the  two  coordinates  to  quantities  of  the 
seventh  order  inclusive,  while  Delaunay  has  given  the 
radius  only  to  quantities  of  the  fifth  order.  Some  method 
must  be  de-vised  for  supplementing  this  defect.  The  differ- 
ential equation  for  areas,  when  the  longitude  is  known, 
constitutes  a  linear  equation  for  the  determination  of  the 
square  of  the  radius:  the  integration  of  this  will  give  what 
is  wanted.  However,  it  is  necessary  to  know  one  coeffi- 
cient, preferably  the  absolute  one,  from  an  independent 
source;  but  this  can  be  obtained,  wth  the  requisite  pre- 
cision, from  Delaunay's  expression  for  -  . 

To  the  requisite  degree  of  precision  the  equation  of 
areas  is 


d  r 

r 

ndt\_ 


dV 

ndt 


-|-.^m-r'sin2(F-y')  =  0 


and  the  absolute  term  of  r'  is  given  by 

?•■-        ,       1    ,      407     .       325     5 
a^=^-3'"  +  14i'"   +^'" 

Employing  the  value  of  V  given  by  Delaunay  and  his 
notation  for  designating  arguments,  we  arrive  at  the  fol- 
lowing expression  : 


1     .,  ,   407     ,     325 
24 


144 
19 
3 


-  I  2iir+  ~  m^+  ^?«H  ^—-[vi^  I  cos  2D 


122 
9 


1361. 

54 


'1     ,  ,  457 
4"^+2ro"' 


cos4D 


[- 


13    2  ,  465    3  ,   80671     , ,   517461 
+  ¥'"•  +  32  "'  +  1152""'  +  ^ 


■m°    ecosZ 


"15      ,139    „      20777    ,  , 


16 


768 
1435 


2048 
941449    ,  ,  96342661     J  ,„„     ,, 


9216 
200363 


lrn^+fm^+^-^m^+    ^^^^ 


ecos(2D  +  Z) 


(193) 
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ri35     ,  ,  4773    ,  ,  2085887    ,1  ,.„     ,, 

r  61      ,  ,  203    ,1  , .  -,  ,  ,^ 

128  "60"        ecos(4D  +  0 


—  77^777  ^'  <^  COS  (6D  —  /) 

1024 


,  r      1       1      ,  ,    1275     ,  ,  453998     ,  ,  2856023     ^"l  ,       „, 
+  L~2-12^  +  T2-8'"+^2l6-'"+-8T92-^T^°^2/ 

^[45  801     ,^40313    3,    1673821     ,^136064965     ,1  „        ,„^     ^.^ 

+  U''^  +  "32-"'+-512-'"  +  nii4T-"^+      147456     '"'^^0^(20-21) 

ri3     ,  ,   107     3  ,  32107     ,  ,   4S43183     J  ,        ,_„  ,  .^.^ 
-  Ll"6'"  +  ^  '"  +"576-0  "^  -^-34560r'"T  ''"«(2/)  +  2/) 

r225     2,4275     3,416263     ^  ,  22817063     J,        ,^^     .„, 
-Ll28'^+T5y"'  +-409r^"^-40960-"^T^°^(^^-2/) 

-Km*+^m^1e^cos(4D  +  20 

r3645     ,  ,  89863     .1    „        ,,.  „     ,^„ 
-[1024"^  +  2048 'H^-'^"^^^^--^' 


Here  a,  m  and  e  have  the  signification  of    Delaunay's 
last  formulas. 

From  the  foregoing  expression  must    be   derived   the 
values  of  the  two  functions 

r^cos2(F-y')  andr-sin2(y-y') 

where,  however,  we  may   limit   the   expressions   to   the 


terms  depending  on  the  argument  2D  — 21.     Use  the  sub- 
script (0)  to  distinguish  elliptic  values  and  put 

2(V-V')  =  2D  +  y 

then  the  perturbations  of 

)■■  cos2  (F—  V)  and  r-  sin2  (F—  V)  are 


jjfoCos.^,        .1     fr  I)"    „1    „cos„,.^      -tr/x-r'"       "Sin^,,,     ,.,, 


In  these  formulas  it  suffices  to  put 

a^  5 

— s  =  1  +  2e  cos  ^  +  r  e"  cos  2Z 

To'  2 

%'  ''."^  2  (y, -  7')  =  '°'  2Z) - 3e  '."'  (2D -l)+e  '.°'  (2D  +  0  +  ^  e=  """^ {2D - 21)  +  r  '.°^  (2D  +  20 
a   sm  "  sui  sin  sm  2      sm  sm 

Limiting  the  expressions  to  the  terms  necessary, 

r'       ,      If'     ,  1     .     539     .       1      3 

r7~^-"2^^'    =   -3'"  +.576''*  -^48"^ 


^    '3    2  ,    135     3     1567     ,     377613    ,1  , 

+  I  2"*  +   32" '"       T28  ^      "^048" ""'   r  '°' ' 


^  r  105     ,  ,    697     ,1        ,  „ 
+  L"64^«  +  "60'"T°^^^ 

[1 

^r525    3,    16175     ,,6555989     ,1  .,.,     ,^ 

+  L"m"^+  "256-''^  +-20480-"'T^°^^^^-^) 

,  rs     ,,   105    3     766699     ,     291128215    „"1 
+  L4^  +  128'»-l8432-^'*-     442368     "'J' 

,[1575     ..28725      3,    2784801     ,,136507653     ."1    ,         ,,„     „,, 
+  L'128  '"  +  -256-  -^^  +  "4096-  '"  +  "^0960^ "^  J  '  ^°^  ^^^'^^^ 


-  to'    e-  cos  21 
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ri51     ,  ,  309    5I    .     ,  n 

[75     3  ,  3013      .      279279    ,1       . 

L32"'-^T28"'+^204^'"T"" 


3     947     .      3S5561     ,1      .     , .  „     „ 
m  +  -^tt'"  +  ~on-7o   ^"   ^  si^  (4O-0 


7     .,      1065     ,     23S3     ,     484199    ,.,    .    .^, 
_,„.  +  ___  ,„s_„^^„,*___,„^Je   sm2/ 


32  3072 

*    e'^  sin  2 

61  543  733 

L12S'"    '    256"'    '     4096    ■"    '      122880 

The  substitution  of  these  values  in  tlie  formulas  shows  that  )■- cos2  (F- V)   and   r''sin2(7-y')  contain  the 

tGrnis 

r'        n.T.  T.,x   fS   2599  ,,,20625  .  2  267  495  ,2  009  963  507  ,1    ,    _  ,„„  „,, 

—  cos 2(V  —  V  )  =     -  4  ?ft  A ?«  -^ m  H ^.-,.„„^ m     e   cos  {2D  —  21) 

^,  cos^i^K      v)       y^-t    3g4  '«  -t-    256    '"  ^      4608  884736  J  -^ 

'•'    ■     .,T.     xrA       fS      4151     ,     19725     3     7800475     ,      1 793089237     .]„  ^       , 

-  sm  2  (V  —  V  )  = m m ni ^T^rTw:^;; wi      e    sin  {2V  —  21) 

a^^        '■  ''       [2       384  256  18432  884736  J 

In  addition  it  may  be  thought   advisable  to  retain   the  terms  involving   the  two    arguments   2D-21  —  1'  a.nd 

2D  — 21  +  1',  in  which,  however,  we  limit  ourselves  to  the  first  power  of  m  : 

'^  =   -2(l-3ecos08" 

=  i^  ?nre'  cos  (2D  -21- !')  -  §  meV  cos  {2D  -21  + 1') 

o  o 

8    ^  cos  2  ( F  -  V)    =  ^  meV  cos  (2D  -  2?  +  /')  -  j^  me'e'  cos  (2D  -  2Z  -  Z') 
sT^,  sin2(F-y')]  =  ^   weVsin  (2D-2Z  +  i')-  |^  meV  sin  (2D-2i-Z') 

Putting  6»  for  double  the  angular  distance  of  the  moon's  perigee  from  the  mean  position  of  Jupiter,  the  first  por- 
tion of  R  arising  from  the  direct  action  is 

The  second  portion  is 

i?  =  m' ^  1  r  0928  r^  - '^,r  +  ^  mH  i^^^^  m^+ ^^^^5^^  r.^1 -0".00068  m  I  e=  cos  « 
«       "*  a'H      "  ^^2       64    *^128       ^     36864         ^      884736  J  > 

The  first  portion  of  the  indirect  action  is 

Si?-,,,         ,aM,„o«r^      15      15    .,  ,   4151     „     59175     3,   7  800  475     ,   ,    1 793 089 237 ^5^ 
-  dV  '^  ==  ""    ¥'  \  1  -^^^  l"  T  +T  ^'  +  ^56  '""+  -5I2-  "*  +  ^228^  "'   +  '    589824      "^  ) 

+  0".020-0".113m  |-e'cos6 
The  second  portion  is 

07. S'-'         ,«'  U«o«o^l5      15    .45       ,  5803     ,,  164063     3 ^  3581267     .,  2^82093437     A 
_3fl„^^._|2".868(^^-^r  +  32'«  +  ^l2-'«^+^048-'^'+-^192-"^    +      1179648     "^ ) 

-0".011  +  0".0807w  [e=  cos5 

The  quantities  a,  m,  e,  however,  have  not  the  signification  of  a  ,^  ,e    before  Delaunay's  last  transformation 

(See  Delaunay,  Tom.  II,  pp.  799,  800).     We  must  replace 

^     7i'     n'»     387  n"" 

wi  by  — \ — 5 —; — T- 

•'  n       n"        64  n^ 

2  2U       ...r,        13  n'-      2595  n"      103835  n'"      974989  n'H 

a  e   by  a  e- 1^1  +  —  ^- +  328  ;^+ -3686^  :^- 1228^  Fj 
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After  these  substitutions  our  four  series  in  powers  of  m  are  changed  into  the  following 
45  n^  801  n'""     10847  n'^     673117  n"     30  485  981  n"- 
8  n  "^  32  n^  """  128  n"    1536  n^  18432  re- 


5  517  n"   13425  n^'  942377  r/*_  89  475  205  n^ 
2~  384  71^"^  "256"??"^  24576  n*    884736  n'' 


15   2043  n'-      10125  n"  2  020  667  n^   2  371604  917  »t'= 


128  n' 


256  n' 


3072 


589824 


45  n'   1467  n''  61247  n''  24  300  385  n'"  ,  2  662  306  723  ri'' 


S""*"  32  n  "^  128  n'-  "^  512  n' 


49152   n 


7  + 


1  179  648 


For  the  direct  action  we  have 


-68"^ 


1\, 


R  =  vi'^A  2".732-5".46y-  +  0".140 0".S24  —  +59".5^  +53" 

and  for  the  indirect  action 

R  =  m'^A  0".268-0".26y=+4".000  -+54".66'V+462".7  \  +1912"^ +8730"^  [-e^cosl 


.7.n''!^l,.. 


and  the  sum 


R  =  ,„'  %.  \  3".000-5".72y-+4".140  -  +  53".S4^V522".2^  +1965"  -^  +8662"^  }  c  cos( 


Employing  the  same  numerical  values  as  in  the  first 
investigation,  and  adding  inductive  estimates  for  the 
remainders  of  the  series 


R 
dR 

■dR 
da 


0".00006495  dhv  cos  & 
O".00012991a-Vcos6i 

0".00017886aVcose 


8e  =   -0".5822cose 

eU  =   -0".5769  sin  6 

&{h  +  g  +  I)  =   +0".246    sin  61 

The  inecjualities  of  the  longitude  are 
ST'  = 


1".  159  sin  (2/i  +  2g  +  l-  2h"  -  2g"  -  21") 

0".246  sin  {2h  +  2g~2h" - 2g"  - 21") 

0".235  sin  (/  -  2//  -  2g'  -  21'  +  2h"  +  2g'  +  21") 


OBSERVATIONS   OF   THE   TRANSIT    OF   MERCURY,   1907  NOVEMBER  13, 


AT   AMHERST   COLLEGE   OBSERVATOKY, 

By  DAVID  TODD. 


Contact  III  was  observed  at 

h       ni        s 

20  58  12        (Waltham  Chronometer).     Weight  2. 
+  4.4     Chronometer  correction. 

20  5S  16.4     Amherst   mean  time  of  third  (in  time) 
contact. 

Observatory  House,  Amherst,  Mass.,   1907  Xovember  14. 


Observation  made  with  3i-inch  equatorial,  Power  120. 
Atmospheric  disturbance  very  marked.  Seeing  weight  2 
in  scale  of  5.  The  observation  was  made  at  the  new 
Observatory,  whose  co-ordinates  are  given  in  the  American 
Ephemeris  and  Nautical  Almanac  for  1910. 


OBSERVATIONS    OF    THE    TRANSIT     OF   MERCURY 

OBSPmVATORY, 

By  J.  G.  POKTER,  Director. 


AT    THE    CINCINNATI 


The  transit  was  observed  here  by  Dr.  Stewart,  with 
the  11-inch  equatorial,  and  by  mysoll',  with  the  portable 
4-inch  equatorial. 

The  times  of  the  third  and  fourth  contacts  were  noted 
as  follows  : 


PoKTKK  Stewart 

Third  contact      Nov.  13  2o"  10 '27"        2o'  10™ 38  Gr.  M.T. 
Fourth  contact  20  12  55         20  12  56 

The  sky  was  clear,  but  the  low  altitude  of  the  sun  ren- 
dered the  observations  somewhat  uncertain. 
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o  CETI, 

By  CHARLES  P.  OLIVIER. 

I.KANDEi:    iM'COKMICK    OBSERVATOnV,    UNIVEUSITY    OV    VIIiOINIA. 


Since  the  early  part  of  1904,  o  Cell  has  been  regularly 
observed  here  during  the  time  of  its  maximum  brightness. 
In  general,  the  observations  were  made  with  the  naked  eye, 
but  when  the  variable  was  below  the  fourth  magnitude,  or 
at  other  times  when  moonlight  or  slight  haze  interfered, 
a  field  glass  magnifying  four  diameters  was  used.  The 
observations  were  made  usually  by  Argelander'.s  method. 


though  when  the  variable  was  compared  with  only  one 
star  the  differences  were  estimated  in  absolute  magnitudes. 
In  the  tables  the  columns  give  the  date  to  the  tenth  of  an 
hour,  the  resulting  magnitude  and  the  number  of  com- 
parison stars  used.  The  letter  n  following  shows  that  the 
observation  was  not  a  good  one,  from  bad  seeing,  haze  or 
some  other  such  cause. 


Mag. 


1901 


1904 


1905 


1906 


Xo.  * 


7  19 

15. 

4.49 

7 

21 

15. 

4.44 

5 

31 

15. 

4.96 

4 

<S   8 

14. 

5.43 

1 

7  14 

15.5 

4.52 

4 

2   4 

S. 

5.17 

2 

6 

4.96 

4 

11 

7.2 

4.03 

7 

12 

7.5 

4.02 

4 

13 

7.7 

4.07 

2 

15 

7.4 

3.86 

3 

16 

7.5 

3.71 

3 

17 

8.1 

3.90 

1 

22 

7.7 

3.90 

1 

23 

V.6 

3.64 

1 

3   4 

7.4 

3.26 

2 

8 

7.7 

3.26 

2n 

9 

7.5 

2.94 

3 

12 

7.6 

3.17 

3 

16 

7.5 

3.34 

In 

18 

7.6 

3.18 

In 

2   7 

S.O 

3.97 

3 

10 

7.7 

3.94 

3 

14 

S.O 

3.81 

2 

15 

8.5 

3.81 

2 

24 

7.7 

3.77 

2 

28 

8.0 

3.64 

1 

3   2 

7.8 

3.54 

In 

4 

8.1 

3.44 

In 

2  22 

7.1 

4.73 

4 

29 

7.6 

4.80 

2 

30 

10.1 

4.69 

4 

1   G 

10. 

4.30 

2 

12 

7.4 

4.38 

3 

17 

10.1 

4.38 

3 

24 

7.7 

4.42 

2 

2   1 

7.6 

4.10 

In 

14 

7.5 

5.18 

2 

15 

7.7 

5.18 

1 

19 

7.6 

5.22 

3 

1  21 

10.8 

2.60 

4        , 

22 

7.8 

2.56 

2 

23 

12.3 

2.54 

2 

29 

6.7 

2,33 

In 

11 


The  magnitudes  of  the  comparison  stars  were  taken 
from  Annals  Harvard  College  Observatory,  Vol.  45.  Not 
using  the  few  scattered  observations  made  in  1901  and 


1906 


1907 


Mag. 


No.  >)<: 


11  30 

8.5 

2.44 

2 

12   4 

7.8 

2.23 

1 

6 

7.7 

2.13 

1 

7 

8.1 

2.23 

1 

11 

8.2 

2.02 

1 

14 

8.6 

2.08 

1 

18 

8.1 

2.12 

1 

25 

8.4 

2.12 

1 

31 

9. 

2.50 

2 

1   1 

6.5 

2.60 

2 

4 

8.0 

2.60 

2 

5 

9.6 

2.70 

2 

7 

9.6 

2.70 

2 

9 

10.0 

2.74 

2 

26 

9.0 

3.26 

2 

28 

9. 

3.38 

2 

2   2 

8.7 

3.45 

2 

6 

7.5 

3.74 

2 

8 

8.1 

3.74 

2 

11 

8.2 

3.80 

2 

12 

7.0 

3.80 

2 

14 

8.2 

3.83 

2 

20 

8. 

3.90 

In 

25 

8. 

4.16 

2n 

3   1 

8.0 

5.39 

3 

5 

8. 

5.50 

3 

6 

*7.8 

5.56 

2 

10   8 

10.3 

4.84 

2 

9 

10.1 

4.77 

2 

11 

9.5 

4.77 

2 

15 

16.0 

4.03 

2 

16 

10.5 

3.80 

2 

11   4 

9.5 

3.38 

2 

7 

7.0 

3.38 

2 

13 

3.51 

2 

25 

7.3 

3.72 

2 

26 

7.5 

3.77 

2 

2  27 

7.0 

3.84 

2 

29 

10.3 

3.84 

2 

10 

8.6 

4.17 

2 

11 

7.3 

4.17 

2 

12 

7.1 

4.33 

2 

21 

7.3 

4.91 

2 

1902,  five  maxima  are  shown.  The  approximate  dates  are 
as  follows:  1904  March  9,  1905  February  28±,  1906 
January  6,  1906  December  11  and  1907  November  6.     In 
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all  cases  there  is  some  uncertainty  as  to  the  exact  date,  and 
this  is  especially  true  for  the  maximum  of  1905,  which 
seems  very  late,  though  the  last  two  observations  of  that 
period  were  made  under  poor  conditions  and  are  of  little 
weight.     Taking  the  first  and  last  date  as  being  true  times 


of  maximum  brightness,  the  period  comes  out  334  days, 
which  accords  well  with  the  previous  determinations.  It 
will  be  noted  how  variable  the  maximum  brightness  is,  the 
highest  recorded  being  2.02  in  December  1906  and  the 
lowest  4.30  in  Januarv  1906. 


MAXIMA   AND  MINIMA   OF   LONG-PERIOD   VARIABLES,   DURING   1906-7, 

BY  MARY  W.  WHITNEY. 


The  predictions  are  based  upon  Ch.\ndler's  revised  ele- 
ments A.J.  553. 

107.     T  Cassiopeae. 

The  nine  observations  taken  extend  from  1906  March  5 
to  1907  April  5.  Those  about  maximum  are  too  scattered 
for  satisfactory  determination.  They  indicate  a  maxi- 
mum somewhat  preceding  predicted  date  1906  July  9. 
Minimum  occurred  about  1906  Dec.  15,  predicted  date 
being  1907  Jan.  22. 

243.      U  Cassiopeae. 

Three  observations  in  1905  February  and  March,  indi- 
cate that  maximum  followed  predicted  date  (1905  Jan.  31), 
probably  by  fifty  days  or  more. 

Five  observations,  1905  Oct.  4  to  Dec.  26,  also  give  a 
delay  (55  daj's)  beyond  prediction,  1905  Nov.  3. 

Four  observations,  1906  Aug.  12  to  1907  April  5,  indicate 
another  maximum  about  1906  Sept.  30. 

432.     S  Cassiopeae. 

Eight  ob-servations,  1906  Aug.  19  to  1907  April  5,  give 
a  maximum  (7.6)  on  1906  Oct.  12,  19  days  before  date  of 
prediction. 

678.     U  Persei. 

Twelve  observations,  1905  Oct.  24  to  1907  April  2,  give 
a  fairly  well  determined  minimum  on  1906  Dec.  15  (10.8), 
twenty  daj^s  preceding  prediction.  ^linimum  also  oc- 
curred, probabh',  about  1906  Jan.  3,  and  maximum  about 
1906  June  13,  though  the  observations  do  not  range  well 
for  decision  of  date. 

906.     R  Triangulae. 

Six  observations.  1906  Oct.  25  to  Dec.  11.  indicate  that 
maximum  preceded  predicted  date  Nov.  12. 

Six  observations,  1907  Jan.  26  to  April  2,  place  mini- 
mum (11.5)  on  1907  March  3;  predicted  date  April  6. 

4511.     T  Ursae  Majoris. 
Six  observations  about  maximum  of  1906  place  the  date 
Aug.  17,  thirty  days  later  than  prediction. 

Nine  observations  about  maximum  of  1907  give  April 
28,  twenty-five  days  later  than  prediction. 
Vasnnr  College  OhxermtoTn,   1907  J%dy  9. 


4557.     S  Ursae  Majoris. 
Nine  observations,  1906  Aug.  22  to  1907  June  7,  place 
maximum  (7.8)  on  1906  Nov.  10,  and  minimum  (11.0)  on 
1907  March  9,  both  close  to  predicted  dates  Nov.  13  and 
March   11. 

4948.     R  Canum   Venaticorum. 

Six  observations,  1906  Feb.  28  to  Aug.  15,  locate  max- 
mum  on  1906  May  3.  sixty-four  days  earlier  than  predic- 
tion. 

The  maximum  of  1905  (A.J.  586)  gave  a  like  value  for 
0-C. 

5237.     R  Bootis. 

Four  observations,  not  well  arranged,  indicate  a  mini- 
mum near  the  predicted  date  1906  June  8. 

5677.     R  Serpentis. 
Five  observations,  1906  May  21  to  Sept.  1,  place  max- 
imum on  1906  June  22.     The  predicted  date  is  Aug.  8. 

5889.     U  Herculis. 
Five  observations,  1906  May  21  to  Sept.  3,  all  lie  on  the 
downward   slope.     Maximum   preceded    prediction.    May 
28.7,  by  several  days,  perhaps  twenty. 

7085.     RT  Cygni. 
A  few  observations,  none  well  disposed,  near  the  pre- 
dicted maxima  of  1905  Dec.  1,  1906  June  10  and  1906  Dec. 
17.  indicate  little  or  no  deviation  from  the  computed  dates. 

7192.     Z  Cygni. 
Six  observations  locate  maximum  on  1906  Sept.  28. 
The  third  observation  fell  on  the  predicted  date,  Oct.  13, 
but  the  star  was  then  fainter  than  at  times  of  preceding 
'  observations. 

8324.     T'  Cassiopeae. 

Thirteen  observations,  1905  IMarch  11  to  1907  March  11, 
too  scattered  to  give  satisfactory  values  by  curve,  indicate 
that  the  dates  of  maximum  and  minimum  do  not  vary 
much  from  those  given  by  the  elements.  Possibly  they 
occurred  from  ten  to  twenty  days  earlier  than  prediction. 
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SUNSPOT   OBSERVATIONS, 

MADE   AT   BERWYX,    PENNA.,    WITH    A   4i-INCn    REFKACTOK, 

By  A.  W.  QUIMBY. 


1907 

Time  New 

Total 

Fac. 

Def. 

1907 

Time 

New 

Total 

Fac. 

Def. 

1907 

Time 

New 

Total 

Fac. 

Def. 

Grs. 

Grs. 

Spots 

Grs. 

Grs. 

Grs. 

Spots 

Grs. 

Grs. 

Grs. 

Spots 

Grs. 

Julv      1 

6 

_ 

4 

2 

fair 

Aug.  28 

9 

_ 

2 

42 

2 

good 

Oct.   27 

7 

1 

1 

6 

2 

poor 

*2 

9 

1 

6 

2 

poor 

29 

6 

_ 

2 

25 

3 

fair 

28 

11 

1 

2 

7 

1 

" 

*3 

7 

- 

6 

2 

" 

30 

6 

1 

3 

33 

3 

29 

8 

- 

2 

7 

1 

" 

*4 

6 

_ 

10 

2 

fair 

31 

6 

_ 

2 

32 

3 

30 

7 

- 

2 

9 

2 

fair 

o 

6 

— 

20 

3  , good 

Sept.    1 

6 

2 

4 

33 

3 

31 

7 

1 

3 

18 

2 

" 

6 

4 

- 

23 

3     fair 

2 

6 

_ 

3 

26 

3 

Nov.    1 

7 

- 

3 

11 

1 

poor 

7 

6 

- 

30 

2  ! good 

3 

7 

- 

3 

36 

3 

3 

7 

- 

3 

15 

2 

fair 

8 

6 

- 

18 

2 

fair 

4 

6 

- 

3 

38 

3 

4 

7 

1 

4 

11 

2 

poor 

9 

5 

1 

2 

24 

2 

good 

5 

11 

_ 

3 

30 

2 

" 

5 

7 

- 

3 

11 

2 

fair 

10 

5 

- 

2 

24 

2 

" 

6 

5 

3 

6 

58 

4 

good 

7 

3 

- 

2 

7 

- 

poor 

11 

10 

1 

3 

27 

2 

fair 

7 

6 

- 

6 

38 

4 

fair 

8 

7 

3 

5 

22 

2 

fair 

12 

6 

3 

5 

20 

2 

" 

8 

5 

2 

8 

22 

4 

poor 

9 

7 

1 

5 

28 

2 

" 

13 

7 

- 

4 

27 

i     :            " 

9 

10 

- 

3 

11 

- 

V. poor 

10 

2 

1 

3 

20 

- 

poor 

14 

5 

- 

3 

38 

1     i           " 

11 

9 

2 

6 

18 

2 

poor 

11 

8 

1 

5 

60 

1 

fair 

15 

6 

2 

5 

70 

2 

good 

12 

8 

_ 

6 

38 

4 

fair 

12 

9 

- 

3 

20 

- 

poor 

16 

6 

_ 

4 

70 

2 

" 

13 

8 

_ 

5 

76 

4 

v.good 

13 

8 

- 

4 

50 

3 

fair 

17 

7 

- 

3 

62 

2 

fair 

14 

6 

_ 

5 

48 

4 

fair 

14 

8 

- 

4 

48 

3 

" 

18 

6 

_ 

2 

70 

3 

" 

15 

6 

_ 

4 

37 

4 

" 

15 

7 

- 

3 

42 

3 

" 

19 

6 

_ 

2 

60 

2 

" 

16 

6 

_ 

4 

27 

5 

" 

16 

7 

- 

2 

32 

2 

" 

20 

8 

2 

4 

22 

2 

*17 

7 

1 

4 

12 

1 

poor 

17 

7 

1 

3 

42 

2 

" 

21 

6 

- 

4 

21 

3  1      " 

*18 

2 

1 

4 

14 

2 

" 

19 

8 

2 

5 

48 

3 

" 

22 

6 

1 

4 

18 

4 

" 

20 

1 

2 

6 

22 

1 

fair 

20 

8 

- 

3 

22 

2 

poor 

23 

6 

- 

4 

18 

3 

" 

21 

7 

- 

6 

22 

2 

" 

22 

9 

2 

4 

12 

1 

" 

24 

6 

1 

2 

10 

2 

poor 

22 

7 

1 

6 

18 

2 

" 

23 

8 

- 

3 

16 

1 

" 

25 

6 

2 

4 

18 

3 

fair 

24 

7 

_ 

4 

18 

2 

" 

25 

9 

- 

3 

12 

1 

fair 

26 

5 

- 

2 

13 

2 

" 

25 

7 

1 

4 

26 

3 

" 

26 

9 

- 

2 

6 

- 

poor 

27 

6 

1 

3 

23 

3 

" 

26 

7 

- 

4 

26 

2 

" 

27 

8 

- 

2 

5 

- 

fair 

28 

5 

2 

4 

33 

4 

good 

27 

7 

1 

5 

35 

3 

" 

28 

8 

- 

- 

- 

- 

V.  poor 

29 

6 

- 

4 

32 

3 

" 

28 

7 

2 

7 

34 

3 

" 

29 

8 

- 

- 

- 

2 

fair 

30 

6 

_ 

4 

18 

3 

fair 

29 

3 

_ 

5 

32 

3 

" 

30 

8 

1 

2 

3 

3 

" 

31 

6 

- 

4 

10 

2 

" 

30 

1 

1 

7 

22 

2 

" 

Dec.     1 

8 

- 

1 

2 

poor 

Aug.     1 

5 

- 

4 

15 

3 

good 

Oct.      1 

7 

1 

7 

18 

3 

" 

2 

9 

- 

1 

3 

fair 

2 

6 

1 

5 

15 

2 

poor 

2 

7 

- 

7 

18 

4 

" 

3 

8 

- 

1 

3 

" 

3 

6 

- 

5 

13 

1 

fair 

3 

7 

1 

7 

22 

4 

" 

4 

11 

2 

5 

" 

4 

6 

- 

5 

11 

2 

" 

4 

3 

- 

5 

10 

3 

poor 

5 

8 

3 

5 

" 

5 

6 

1 

5 

17 

2 

" 

5 

7 

_ 

5 

7 

3 

fair 

6 

9 

4 

15 

poor 

6 

6 

0 

5 

26 

3 

fair 

6 

7 

_ 

4 

8 

3 

" 

7 

8 

5 

13 

" 

7 

6 

1 

5 

18 

3 

poor 

7 

7 

- 

2 

5 

2 

poor 

8 

8 

5 

17 

fair 

8 

7 

- 

5 

13 

3 

" 

8 

3 

- 

3 

15 

2 

" 

9 

8 

- 

5 

13 

poor 

9 

4 

- 

3 

11 

1 

" 

9 

7 

2 

4 

20 

3 

fair 

10 

8 

- 

5 

15 

" 

10 

3 

1 

4 

11 

2 

" 

10 

7 

_ 

4 

33 

2 

" 

11 

9 

_ 

4 

19 

- 

" 

11 

5 

- 

4 

8 

2 

" 

11 

7 

- 

4 

41 

2 

" 

12 

9 

- 

4 

24 

1 

fair 

12 

5 

- 

4 

13 

1 

good 

12 

7 

1 

5 

36 

2 

" 

13 

9 

_ 

3 

29 

3 

" 

13 

7 

- 

4 

9 

1 

fair 

13 

7 
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OBSERVATIONS   OF   COMETS, 

MAIIK    WITir   TIIK    16-IXCII    K^TATORIAL   OF  THE   CINCINNATI   OBSERVATOKY, 

By  J.  G.  PORTEK,  Dirkctor. 
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